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co ‘tain, Greenbrier County, West virginia. 
/ 20 inches: diameter and about, 65 feet tall, shows 
nw Rei long, heavy Limbs on the d 12, exposed 
tree. ‘The small tree, cipal foreground, has many 
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Fropemspiece: Pinus pungens?. Table, Mountain pine, at 
2600 f£eecu on Kate's Mountain, Greenbrier!’ County, West Virgindaa™. 
Theswosseltasee, 20 inches (diameter and about_65 feer.tall, shows 
a common form with long, heavy limbs on the downhill, exposed 
sidevern the tree. The small tree, Lert? foreground, has many: 
SeroEinous, cones along the trunk.) Avsmall P%. virginiana, 1s in 
Ehescenter foreground. 
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ABSTRACT 
Factors Influencing the Distribution o£ Pinus pungens, 


an Appalachian Endemic 


Pinus pungens Lambert, Table Mountain pine, has a 
limited range in the Appalachian Mountains. East of the 
mountains it occurs sporadically on monadnocks or near 
Majorn Livers... Herbarium specimens. and) personal collections 
were used to define the geographic range. Environmental 
comparisons were made of forest stands with P. pungens and 
those wathout the speczes: oPhysiollogical studies of seeds 
and seedlings and phenological observations were used to 
evaluate hypotheses explaining relationships found in the 
field. -Pinus pungens was compared primarily to P. virginiana 
and P. rigida, generally sympatric with P. pungens but much 
more common and with wider ranges. Intraspecific variation 
of some morphological and physiological characteristics of 
P. pungens was investigated. 

Pinus pungens occurs in small stands from Pennsylvania 
and New Jersey to Georgia, usually at elevations of 1000 to 
4000 feet (305 to 1220 meters). Stands commonly occur on 
exposed sites with a south to west aspect, areas with the 


warmest, driest microclimate. In the Valley-and-Ridge 
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provinec, this.pine.often.occurs on shale outcrops., Soils 
on which it grows are shallow, rocky, and acid, and have 
lower nutrient levels than neighboring stands without the 
Species. 

The most permanent stands of this species are 
associated with a greater amount of rock outcrop and 
shallower litter than the more temporary stands. The 
species is most often associated with Quercus prinus, Q. 
eocecinea,) Pinus, rigida, and... virginiana. . Signs of fire 
are present in almost all stands. Squirrels (presumably 
Tamiasciurus hudsonicus) eat seed stored in the serotinous 
eones-and. cut.of£& the ends, of branches. 

Cone..ength,. width, Length:width ratio,, and seed 
weight of Pinus pungens decrease with elevation. Needle 
length:width. ratio and cone scale number are highest in 
Ene’ Southern, part: o£. the. range. . Height of two-year-old 
potted seedlings is, inversely related to latitude of the 
seed source. Northern seedlings have higher transpiration 
babes .at high, soil moisture.contents.. 

Pinus pungens makes the major part of twig growth, 
and releases pollen, at least as early as P. virginiana and 
earlier than P. rigida. Seed germinated over a narrower 
temperature range than P. rigida seed. Pinus pungens has 
larger seeds, which produce larger seedlings (in culture), 


(iv) 
















alte? .eqoxwdne siefe mo ewose medio: 

ever bas ,bf95 bas , loo: .wollsde exe « ? 

eit tuorntiw abasda ontvedmtakets neds <a. fms 
‘ 


Sis eelosge eift 20 sbasse Jnensmsq teom 

















Bas qozoJyo anor 20 savoms sedsexp sof 
oaY .ebcase28 Yistegmes stom odd aed TeIdLL oh 
-Q .eunkig evortepO diiw betetoorse nedie,deom « 
stii 20 enpie .sasinipsiv .¢ ins shipie ay 
yidismeeiqg) elorzinpe .ebasda iis teomis ab 3 
suChisoxse sit at beroge beee tee (eyotnogbud 
-eedonsid io abse ads 280 J95 
bese bis ,oissx dsbiw:dtpaed .lsbiw .ddpaet enc 
eibesK .noistsvele diiw sasstoeh enepauq amie’: 
mi sasdpid sis twsdma sispe snaos Ce ae oh 
blo-xs9y-owst aS tipion -apnsx sit to iain 
eid io sbhusitsi od beteisz yvisexsvni ab apukibess ~ ha | 
7 
“scCissetigeiexst tenpid eved eenilpass nxeiesow .20%vo0e Bose - : 
-Btnsinoo sustetom Lioe Apia te eases | 
\dswoup piwt ie ¢xeq toLsm sdt eestem anepapy auks 


, bas sisiniptiv .9@ eb yluse ss amas, je ,neiileog esesefise: bas 

TSWOLLEA £ LevO hetsenioxop bese .sbiphs <Gonaig-eet ise hk 
sent snepmus Quad hese sbipts .¢ apd} eQnsx-exutszeqmed 
(2ts¢igo ok) epekibese xoprel soubor doidw ,abeee sepisi | 











with more lateral roots and more branches, than seedlings 
Of associated species of pine. Transpiration rates of 
young P. pungens seedlings were less than of those of P. 
prgida, and=reots Of very young Seedlings "were Yonger. 
Einus pungens appears more drought resistant “than FP. rigida. 
Its thicker bark and serotinous cones allow stands to 
survive and €xpand in areas with frequent’ £lres better” than 
Pe vieginrana does ¢ 

Pinus pungens is probably excluded by low temperature 
Oe take EROStS Brom ECGIONS OF TCOpographic Srtuatrons” colder 
thom tes PreSene habitat, Decause Of its early spring activity . 
inecerrerence by Other Species probably” excludes” it £rom 
Mammy Oener dreas., Pare, wiieh destroys leat* litter and 
Competing plants, and releases stored seed, is*important in 
aitowing Leproductz1on. ~ Reduction ian both” fire’ incidence 
and abandonment of agricultural land appear to have limited 
Freeent establishment of new stands. 

PULEner Studtes, Especially or photosynthetic 
Paccerns and of Seedling growen and survival ‘in’ the field, 
would be “usezul in more’ Closely defining £Lactors intluencing 


the range of Pinus’ pungens. 
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FACTORS INFLUENCING THE DISTRIBUTION OF PINUS PUNGENS, 


AN APPALACHIAN ENDEMIC 














Tie CINTRODUCTION 


Pinus pungens Lambert, Table Mountain pine, is a hard 
or yellow pine endemic to the Appalachian Mountains from 
Pennsylvania south to Georgia, with small populations east 
@& Ehe mountains. it usually grows on dry, rocky or 
gravellyaAmountainsides, sbut oceasionally occurs in moist 
areas in the mountains (Illick, 1928; Cooperrider & Thorne, 
1964). 


Although Lambert described and named the species in 


1805, Andre Michaux first collected it near Tablerock Mountain 


in Burke County, North Carolina. Michaux made several trips 
through ithe areabbetween \b7S9cande1796,,\butementions the 
pine. only in another context (A. Michaux, 1889: p. 105). 
Although his istatement is unclear, he seems to say the 
following: On February 17, 1794, in the Piedmont near 
Dumfries; Virginia, he» founda: pine which he had also seen 
in a cold, arid, mountainous region. Growing with this pine, 


in the mountains, was a second pine with recurved cone scales 


(2) 
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with rough spines (presumably P. pungens). He states that 
the second pine (P. pungens, presumably) also grows on hills 
awvong the Schuytlkill River in Pennsylvania. F. A. Michaux 
gdeserrbped Po pungens brreftly in 1810 and in more detail in 
1819. Contrary to the elder Michaux's journal, cited above, 
he states (1819) that, after "extensive researches", he is 
Seresthat af 1s lamited to “Table Mountain” and "neighboring 
Summits". He comments that the species is likely to become 


Sxtance because Of anereasing settlement and frequent fires 





i the erea . 

A figure of a cone of Pinus pungens with scales and 
seeds dissected appeared in Lambert's (1803) "Tab. 16" with 
Gmewag OL D= taeda, and was identified as the latter species 
because of a mixed specimen he received. Lambert (1805) 


Corrected his mistake and deseribed the new species from 





collections made by William Strickland in the "Blue Mountains" 
ef Virginia. A branch showing the stout needles in fascicles 
GE two, the Spiny yearling cones and a maturing cone is 
itiwstrated in Fig. 1. 

Several common names have been used for Pinus pungens, 


for example hickory pine (Sargent, 1897), prickly cone pine 





and poverty pine (Illick, 1928). Michaux (1810) used Table 
Mountain pine, the only name in use where it was first 


collected. The U. S. Forest Service Check List of the Trees 
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Figure 1. Branch of Pihus pungens, Showing the Steue 
needles in fascicles of two, two yearling, a second year tama 
Mature cone. The specimen is on the tree shown 2n Big.) 26, .ee 
3640 feet in Shenandoah National Park, in the central Virginia 
Blue Ridge’. 
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of the United States has used this name since 1940, when it 
replaced the previously accepted “mountain pine" (Forest 
Service Tree Name Committee, 1940). "Table Mountain pine" 
wadtibesused throughout this dissertation’. 

Pinus pungens is in the Section (or subgenus) 
Diploxylon, the hard or yellow pines (Shaw, 1914). Its 
classification below section level varies considerably. 
Duffield (1952) in his rearrangement of Shaw's Subsection 
Panaster) «places it in Group °XI, with®P. caribaea (including 


Pepcissortii) He Peepalustrisy Pitechinatay * Poataéday i Pri glabra, 





EPececidehtalis7rP vnigidaysand Be .serotinas° .This®is 
equivalent to Critchfield and Little's (1966) Group Australes. 
However, in Shaw's original system (Shaw, 1914), based 
tangely oneconeyserotiny ;,e VEeoustainn thenGroups insagnesy 
withteniyePronigadatandoP  serotina of Duffield"s*Group Xi. 
Pilgerginelivyang heavilyvton needle number for hisoclassification, 
puts P. pungens in Section Banksia, in which P. echinata is 
the only other species also in Group XI (Mirov, 1967). 
Duffield's (1952) rearrangement is based on 
hybridization experiments but his placement of Table Mountain 
pine is due largely to its morphological similarity to 
P. rigida, which, he admits, may not be a good criterion. 


Hybridization of Pinus pungens with six species has been 
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BE temp ted war a hediepensi s>f Rin muxdcaita iP. taeda) andy B:: 
clausa did not cross with it. Crosses with P. rigida and 

Pee chiinattasiwere) successful but idiktvculit, and genetic 
barriers are considered to exist between these species and 
Table Mountain pine (Critchfield, 1963; Liddicoet & Righter, 
1960; Duffield, 1952). Recent attempts at hybridization, 

in Halifax County on the North Carolina Coastal Plain, 
resulted in successful crosses with P. pinaster, and possibly 
Wath» PP. taeda and PP. densiflora,.as well as Ps» rigida and P. 
echinata .-o Crosses» attempted» with)  P. serotina, P.. virginiana 
and P. clausa were unsuccessful (P. E. Smouse, personal 
communication). These results lend some support to Duffield's 
elassaticat Lon. 

The wanges;eori Teble Mountain pine is almost entirely 
within the ranges of two other hard pines, Pinus rigida and 
Eewangqiniana (Critechfield & Little, 1966). Throughout the 
Common Lange Of the three species, P. pungens is by far the 
rarest. There are large areas where it has not been reported, 
and, when it is present, it is usually in small populations 
restricted to the sites which appear least favorable for tree 
growth. These characteristics of habitat have caused interest 
in the species as a botanical curiosity and inspired romantic 


descriptions of the tree and its surroundings (for example, 


Dickey, 1926), but little scientific effort has been directed 
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deve. Linus pungens ts often a small tree, usually. with 
poor form and large limbs, and unsuitable for many commercial 
ses, Lucbther Limiting Serious interest in it. 

This study was undertaken to get detailed information 
about, the Species and its habitat, and to contribute to an 
understanding of the relationship between them. The purposes 
of the work described below were 1) to delineate the conditions 
where the species occurs; 2) to determine what factors 
differentiate the habitat of Pinus pungens from adjoining 
ones; 3) to discover, by comparative physiological experiments 
with seedlings of Table Mountain pine and associated species, 
reasons for its restricted occurrence; and 4) to discover 
how certain morphological and physiological characteristics 


vaby Within the species. 
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It. THE DISTRIBUTION OF PINUS PUNGENS 


Geographic Range 





Because Pinus pungens usually occurs in small colonies 
in relatively inaccessible areas, the range of the species 
has been hard to define. Herbarium specimens, observations, 
and collections made during the study were used to determine 
mie icuaral range Of the species. The range map in Pig. 2 
was prepared using locations from personal collections and 
those in the following herbaria: DUKE, GA, NA, NCU, NSC, 
TENN, US, VPI, and WVA (Lanjouw & Stafleu, 1964). Locations 
for Pennsylvania supplied by Dr. John M. Fogg (personal 
communication) were also used. 


On Fig. 2, outlying Locations marked with an open 





Cincle were those yisited during the study which may not be 

Of Natural Origin, and at which the species is apparently not 
reproducing. They are discussed below. Other areas outside 
the main range may be in this condition but were not visited 
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Figure 2. The natural range of Pinus pungens.” Larger 
dots are locations of herbarium specimens. Small dots are 
locations for which no specimens are available, but where ge 
was observed during this study. Open circles are locations 
visited during the study which may not be of natural erigium, 
and where the species is apparently not reproducing. 

















11 

during the study . 

The range of Pinus pungens is primarily in the Blue 
Ridge and Valley-and-Ridge provinces of the Appalachian 
Highlands (Fennemann & Johnson, 1946). There are numerous 
outlying populations to the east, however, and a few to the 
west. Many of the outliers are associated with monadnocks 
Pcie above the general level of the Piedmont (Fig. 3). 
mnese include Paris Mountain, Greenville County, South 
Carolina; the South Mountains, Burke County, North Carolina 
(Pinchot & Ashe, 1897); Rocky Face, Alexander County, 
Nezeh Carolina (Keever et al., 1951); Pilot Mountain, Surry 
County, North Carolina (Williams & Oosting, 1944); the 
Sauratown Mountains in Stokes County, North Carolina 
(Pinchot & Ashe, 1897); Smith Mountain, Pittsylvania County, 
Virginia; Bull Run Mountains, Prince William County, Virginia 
(Allard & Leonard, 1943) and Sugarloaf Mountain, Frederick 
County, Maryland. Other eastern range extensions are along 
Majer Havers, such as the Susquehanna in Lancaster and York 
Counties, Pennsylvania; the Potomac around Washington, D.C.; 
Ene Temes an central Virginia and the Catawba in North 
Carolina. The species has also been reported along the Pigg 
River in Pittsylvania County, and on Fork Mountain, in 
Franklin County, in the southern Virginia Piedmont (W. Overton, 


personal communication). 
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Figure 3. Moore's Knob, Hanging Rock State Park, Stokes 
County, North Carolina, a monadnock about 1700 feet above the 
surrounding Piedmont. Table Mountain pine is common above 1300 
feet. Samples 1 and 2, and phenological observations were 
taken on the knob. The Piedmont and the Biue Ridge, abeur 2 
milés distant, are visable in the faght baexgreund. 
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Several other known localities are not related to 
any major topographic feature. Such an area is in Hunterdon 
County, New Jersey, the easternmost record for the species. 
Pinus pungens has been there at least since the mid-1800's 
(Best, 1886), but probably it will remain in the area only if 
man-made disturbances are favorable for it. A stand of 
several hundred trees (partly planted, according to a local 
resident), being overtopped by hardwoods when visited in 
1966, had almost no reproduction, although there were possible 
places for seedling establishment and growth near the stand. 
A limited number of P. pungens has been reported from just 
south of Newark, Delaware (for example, Tatnall, 1946). 
One small group of trees, again associated with human 
disturbance, was located during a short visit to the area 
in 1965.» Similar areas have been reported, and at least 
one still exists, around Washington, D.C. (Ward, 1877; 
Kelley, 1931; and recent collections), and also in central 
Virginia (Kormanik & Little, n.d.) and central North 
Carolina (Coker & Totten, 1945, and recent collections). 
West of the main part of the range, specimens have been 
collected from Hawkins County, Tennessee; Summers County, 
West Virginia and from the Allegheny Plateau in Pocohantas 
and Randolph Counties, West Virginia (Allard & Leonard, 1952, 


and recent collections). Its northern limit corresponds 
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5 
closely with the edge of the glaciated area in Pennsylvania. 
In this area, however, the pre-Wisconsin drift is scattered 
and topography shows no obvious influence of glaciation 
(Fenneman, 1938; Flint, 1957). 

Within its range, Pinus pungens is unevenly 
distributed. It appears’ to be mosit) abundant’ along’ the 
erest andveasternvescarpment of: ther Blue* Ridge), and in the 
shaly regions and on some of the higher ridges of the Valley- 
and-Ridge province. Between the Blue Ridge crest and the 
Valley-and-Ridge it appears to be rare, except in the 
South.a Hereiat asequitte-common? on the» western silope. of the 
mountains of the North Carolina-Tennessee border and some 
Caster Tennessee ridges, although not in the large region 
between the Great Smoky Mountains and the Blue Ridge crest. 

Previous range maps of Pinus pungens are somewhat 
different from Fig. 2. Sudworth (1913) shows a much larger 
range than the present map. However, some reports on which 
he may have based his map have not been substantiated. 
Garman (1913) records a previous report for four counties 
in Kentucky, but no specimens or more recent reports have 
been found and the species apparently does not occur in 
Kentucky (Dr. E. T. Browne, personal communication). Harper 
(1901) based his report from northwestern Georgia on a 


misidentification (Harper, 1967). Mirov (1967) has 
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16 
apparently copied Sudworth's map. 

The range map in Critchfield & Little (1966) differs 
from Fig. 2 in one major way. Several personal collections 
and observations, examination of herbarium specimens, and 
conversations with U. S. Forest Service personnel have caused 
tmecimelusion of five counties in northeastern Georgia and 
aneas Of western North and South Carolina in which Critchfield 
SS uttewe Show a single location . 

Pinus pungens has been planted at least in Bledsoe 
County, Tennessee (C. I. Peterson, personal communication) 
and Bedford and Cambria Counties, Pennsylvania (O. L. 
Mullhollen, personal communication), but such areas are 


Onitetedeiromibig< (2% 


Altitudinal Range 


Pinus pungens occupies a rather wide altitudinal 
mange. During this study collections were made from about 
150 feet (46 m) near Newark, Delaware, to over 4700 feet 
(1430 m) in the Unaka Mountains, Unicoi County, Tennessee. 

In the Great Smoky Mountains of Tennessee and North Carolina, 
Stupka (1964) reports P. pungens from elevations up to 


5800: feet (1767 m). 
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“7. 
Of 89 areas where specimens were collected during 
this study, about 85 percent were at elevations between 1000 
and 4000 feet (305 to 1220 m), with 10 percent below and 5 
pereent above. The 2000 to 3000 foot (610 to 915 m) interval 
includes more than the other thousand-foot intervals (31 


percent). 


Field Sampling Methods 


Table Mountain pine stands were sampled in June and 
July, 1965, and from late May to early September, 1966. 
The locations of the samples are shown in Fig. 4. 
Characteristics of the sampling areas are listed in Tables 


ane 2). 


i965 semples. These samples were intended to give 
iLOrmation about the distribution and characteristics of 
Pinus pungens stands on which to base further sampling and 
Experimental studies. Any stand with several trees of 
Po pungens, and not in the vicinity of a. previous sample, 
Was) aceeptable, regardless of its history. The 29 areas 
sampled included one roadbank stand and several stands 


Obviously on old fields. 
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Figure 4. Location of sampling areas. Those sampled in 
1965 are designated by numbers; those in 1966, by letters: 
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Malbike. i 


Characteristics at the centers o£ 1965 sampling areas. 


In "substrate" column, N = non-shale and S = shale. 
Sample Elevation Slope Aspect Sub- Topographic 
Area (Et) (m) (degrees) (degrees) strate Position 
aL 2415 P37 6 145-325 N Ridgetop 
2 1820 555 14 IES) N Slope 
S 2850 869 4 --- N Roadside, Flat 
4 8220 982 10 5 N Slope 
5 2300 702 20 S15 N Slope 
6 8560 | 1086 29 330 N Rocky Bluff 
a 2530 Va2 20 210 N Slope 
8 2770 845 30 150 N Top of Lead 
9 3540 1080 13 90 N Slope 
10 3100 946 18 220 N Slope 
uae 1550 473 20 220 N Slope 
¥2 3640 1110 O --- N Ridgetop (Old 
Pasture) 
13 1800 549 2a 225 N Rocky out- 
cropping 
14 s550 | L022 algal 265 N Ridgetop 
ILS) 2500 763 29 270 Ss Slope 
16 2580 7187 5 --- N Gentle Slope 
above Creek 
7 2600 793 27 220 N Rocky ridge 
18 1300 397 16 245 N Slope 
19 2980 909 14 215 N Slope 
20 2950 900 lie 145 N Ridgetop 
Zit 1600 488 La L725 S Ridgetop 
22 1340 409 5 250 N Ridgetop 
ZS 1475 450 Zul: 290 N Slope 
24 950 290 6 --- N Flat Old Field 
25 1700 519 9 265 N Ridgetop 
26 400 E22 36 220 N Bluff 
27 2900 885 2y 260 N Slope 
28 4250 1296 O --- N Top of Knob 
29 2800 854 O --- N Ridgetop 
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For each sampling area the following information was 





recorded: topographic position, aspect, slope, elevation, 
rock outcrop as an estimated percent of the area, drainage 
Wexcellent”; peortyjectcs) etlitéer) coverii("thick", "thin 
and spotty”, etc.), and comments regarding stand disturbance, 
Cone Sserotiny, cutting o£ cones by squirrels, and other 
general characteristics of the stand. Rock and soil wére 
Sampled and depth of soil recorded. Three Table Mountain 
panes were sampled in each stand. Height, using an abney 
level and pacing; diameter, measured at 54 inches (137 m or 
DBH) with a diameter tape; and an increment core were taken. 
Needles, a herbarium specimen and cones were collected where 
they Couldebe areached withna i tree ntrimmeremountedron a 
telescoping twenty-foot pole. Comments about the form and 
vagdernertsecachhtree swenevalsosrecorded: 

Species lists for the canopy stratum, the understory- 
and-shrub stratum and the ground-cover stratum were compiled. 
Each species was assigned a number indicating its importance 
within each stratum ("importance rating"). This scale, based 
on one used by Oosting (1948) and similar to that used by 


Rodgers (1965) was: 
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1 = Infrequent in the sample area. 
2— "Sea ttered more *ortless “throughowt 
the varear. 


3 = Frequent, but not dominant, or, in 
the lower strata, dominant ina few 
small clumps. 
4 = Locally dominant within the area. 
5 = Dominant over extensive portions 
Of “the sample ‘area’: 
voucher specimens collected for identification and documentation 
Seryegetation ddta during both 1965 and 1966 are in the 


herbarium of Duke University. Nomenclature follows Fernald 


(1950) except where noted by inclusion of authority. 


1966 samples. Sampling in 1966 was designed to 
determine differences between habitats supporting Pinus 
pungens and those adjacent habitats where the species was 
absent orPronily’a minor part of the vegetation. ‘Nineteen 
areas, designated by letters on Fig. 4, were sampled. Eleven 
of the 1965 areas were resampled; eight samples were in new 
areas. Criteria for selection of stands were more exclusive 
than in 1965. Stands with minimum obvious recent disturbance, 
and having naturally determined boundaries, were chosen. 
Twenty Table Mountain pines were included in the sample at 


each area, setting a lower limit on stand size. These 
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20 
criteria excluded several of the stands sampled in 1965. As 
in 1965, samples chosen represented all portions of the range 
of P. pungens. 

At each sample area, four subsample "stands" were 
located, two being ‘Table Mountain pine" and two "oak". The 
Table Mountain pine stands were chosen from the part of the 
sample area where it had its maximum importance; the "oak" 
stands were chosen from areas adjacent to pine stands, where 
P. pungens was absent or infrequent. Stands were chosen 
to represent the variation in topographic position at the 
sample area. For example, in a stand of Pinus pungens on the 
Eoprondvoneysidenof a madge, one "stand" would: be, chosen from 
Biel wadgetop), another «fromthe, slope. The..oak «standisi ,could 
Bebe lowMEhe pines Omrover che ~woidge «rom; it ,.orm around, the 
Slopenonv the contour. + Whene) standysize»was;) small, the pine 
stand samples were sometimes taken in distinct neighboring 
stands. 

The elevation, slope, aspect, drainage, and a 
subjective measure of ground and shrub cover at the center 
of each subsample stand were recorded. Two "Sixes" maximum- 
minimum thermometers with aluminum shields were attached to 
a tree in each stand. Sensing elements were placed about 54 
inches and 6 inches (137 and 15.4 cm) from the ground, on 


the north side of the tree. Thermometers were left in place 
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during the two to four days spent collecting in each area, 
and temperatures were recorded each day. At some sample 
areas, relative humidities were determined at the center of 
each stand, with a cog psychrometer. 

Near the center of each stand, top- and subsoils 
were sampled and depths of litter and topsoil recorded. 
"Topsoil" was defined as the horizon obviously showing the 
errects Of incorporated organic matter. Soil temperatures 
were taken under the litter layer and at 2, 10, 20, and 40 cm 
weep an the maneral soil at each soil collection point. 
Except iammediately after rains, samples for soil moisture 
Getermmanatwons were taken in each stand, at the soil 
collection point, and placed in aluminum boxes with tight 
fHids. Reck.cutcrop.y as. jan <cstimated ppercent ,o£ sche area; 
was recorded and a rock sample taken from each stand. 

In each Table Mountain pine stand, ten individuals 
of Pinus pungens were sampled, and height, DBH, length of 
live crown and of clear bole as an estimated percent of total 
height, and a vigor notation were recorded. Increment 
borings, and needles and cones, where they could be reached, 
were collected. Herbarium specimens were collected from two 
to five trees per area. One specimen from each area has been 
deposited in the Duke University herbarium. In oak stands, 


diameters and species of ten trees, and heights and ages of 
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dominants were determined. Vegetation in each stand was 
Becorded ‘as an L965, Except” that’ tree’ saplings,” tree 
seedlings, and shrubs were recorded separately. Other 
facts about the stand (evidence of fire, cone-cutting by 
squirrels, etc.) were recorded. 

The basal area of Gach stand was estimated by the 
Variable-radius method of Bitterlich (Phillips, 1959), using 
a wedge prism as the angle gauge. One point was at the 
center of the stand and, where the points would sample the 
intended stand, others were at a distance of 66 feet upslope, 
downslope, and in both directions along the contour. 

Total basal area and basal area of Table Mountain pine were 


estimated from the numbers of trees counted. 


Treatment of soil samples. Percent moisture in soil 


Samples was determined gravimetrically, both for the total 
sample and corrected for the stones in the sample (Reinhart, 
1961). Part of each soil sample was sent to the Soil Testing 
Division of the North Carolina Department of Agriculture for 
Cuchited! analysis.” soil pH, Percent organic matter, and 
concentrations of "available" phosphorus, calcium, magnesium, 
potassium, manganese, nitrate and ammonium were determined 
from HC1-H2SOq4 extracts by methods outlined in Reid & 
Copeland (1966). Cation exchange capacity and exchangeable 


aluminum were determined for a few sample areas. 
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Soil texture was determined for sample areas C, D, 
G, H, J, N, P, Q, and S by the hydrometer method (Bouyoucos, 
1936). Using a ceramic plate apparatus (L. A. Richards, 
1965) the water contents of all soils were determined at 
15 atmospheres and at 1/3 atmosphere of tension. The "water 
hetading Capacity” O£ each soil was calculated by subtracting 
the water content at 15 atmospheres from that at 1/3 


atmosphere. 


Factors Associated with Pinus pungens 


Topographic position. Stands of Pinus pungens 


are usually associated with exposed sites where drainage is 
extrnenely «rapid; ‘soplisissoftensvery shallow and rock outcrop 
hayebeuextensivers Areas of rock outcrop arénrather rare in 
the Appalachian Mountains and are more likely to be 
associated with recent stream-cutting than with divides and 
summits (Fenneman, 1938). The influence of such topography 
on the occurrence and characteristics of vegetation was 
emphasized by Racine (1966). Well-developed pine stands 

of the Southern Blue Ridge Escarpment occur only in specific 
topographic situations, with best development on narrow 


ridges, well exposed to the south or west. Several Table 
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Mountain pine stands sampled in this study were in such 
LOpographic situations, all along the Blue Ridge or outlying 
mountains (Samples E, F, G, L, P and Q), and others have been 
described in the literature (for example, Nuttall, 1857: 
Allard & Leonard, 1943). 

Table Mountain pine also occurs on exposed mountain 
Stopes, usually fairly steep ones. In Pennsylvania, stands 
found were almost exclusively associated with steep slopes 
Botner than with ridgetops and leads. Steep lower and middle 
Slopes frequently support stands in the Ridge-and-Valley 
province, where the species is often associated with shale 
outcroppings at relatively low elevations. Allard (1946) 
and Tllick (1928) record the association of Pinus pungens 
with shale embankments, and samples B, C, H, J, K and § 
have further examples of it (See Fig. 5). In the Valley-and- 
Ridge province the species is also found on ridge-capping 
sandstones at higher elevations (samples 14, M) or on lower 
non-shale outcroppings (samples 13, G). Sample N, occupying 
an exposed sandy bluff between a clay upland and a creek 
bottom, is unique among the areas seen during this study. 

Pinus pungens grows in other topographic situations, 
even in moist areas at the base of mountains (Illick, 1928), 
as found in one stand of sample C and in sample 16. However, 


such stands observed in this study appeared to be on disturbed 
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Figure 5. An open Table Mountain pine stand on a steep 
shale slope at area C, Bald Eagle State Forest, Snyder Caumr,, 
Pennsylvania, at 960 feet elevation. Many age classec a 
present, from year-old seedlings to trees with almost 200) 2amgc- 
There is evidence of repeated) Lines: 





mK 
we ee 
See oe Sr . 
St $8 ev 


o 
was - eth 











34 
areas and none were effectively reproducing. Specimens 
have also been collected from around bogs on Mt. Pisgah, 
North Carolina, and at Big Meadows, Shenandoah National 


Park, Virginia . 


ASpecte 7 Not all sharp, jrocky ridges orwsteep, rocky 
slopes are equally likely to support stands of Pinus pungens. 
The aspect (direction the slope faces) has a large effect 
in determining if Pinus’ pungens will be present, as noted 
by Cain (1931), Whittaker (1956), and Stupka (1964) for the 
Great Smoky Mountains, by Racine (1966) for the Blue Ridge 
and Hack and Goodlett (1960) in western Virginia. This 
Steuataeon prevadis throughout the range of the species. On 
Pige1o, a contour map Of a hyporEhetical conacal mountain, 
the elevation and aspect of stand centers of samples shown 
Siebig. 4 a@ue plOLted. Hach posant represents,/the center o£ 
one or two of 47 stands. All 1966 stands, and 1965 stands 
nOu resampled ins 1966, are pll@tted except those’ with a slope 
less than.15 percent (about._9 degrees): For areas with 
little slope, aspect makes a minimal difference.and. is 
difficult to determine. Subsamples of 1966 areas are plotted 
separately if they were separated by more than 50 feet of 
elevation or 10 degrees in aspect. There are 34 stand 
centers in the southwest quadrant, 6 in the southeast, 5 in 


the northwest and 2 in the northeast. The one stand with a 




























tigpale 34 a weed bance mot ote: i ak: 


ies 


isnoiis® deobraneds * euctiaene eis ts bas 4 


“Sie sgsese 10 esphix yiooy .qusde ile tom «2 _ 

eens gunid Jo ebaste sxrogques oF yleAif yt fe i 

| - asain eersi £ ead f(ecensi sqole ond 1 a t 

2? Gsdor es ,dneeeg od IL iw enepayg auctd tf pe 

“sil $08 (SCL) ecxiqeste bas , (@@CL) szsaessiaw , t | 
Opbit ovla ert sok (@9CE) salosh ys embetavOM nod 


“ef eid? .sinipxziv mrcdeew at (0801) tteLbood a 


oe 


a0 apioege edd ic spass edd tuodpuords altsvexq! Bel 
ikedasent Seclake fen LondnGuet & to ane 4UOSTIOD.. 5S He 

set swore esiqnee ic etstaso Baete io soeges bus aoltsy S 
i olny edt sinsestqes tnuiog dosk .bestoig da ps 
: Ebdste 23@l bas ,ebaste 08CLl IIA .ebnese VS 20 Owe Re 3 
oqore 6 Atiw seods tqeoxe bedsofq ozs ,d8@€I at Belg 
= dtiw esers 108 . (esexpeb @ tuods) stae0teq EL ues 

| ee Bus sonerstitb ieminim 8 2eexem Joaqes sale el: 
pasiolg S%6 Bsexe deel 38 aslqmsedie -oncetsasseb o3 +! 
io Jeet 02 nsd3 oxcm yd betsieqes si]ew ~ ai y¥ 
basse BE exe overt tone ak epozpeb OF te nolsey 

ni € ,tesedsvoe ott rt 3 SES GDEUP savnsics sat 
s dtiw baste ono sa? .jeeeisen odd at © bas peak 


—— 


35 





Figure 6. A contour map of a hypothetical conical 5000- 
foot mountain, showing the elevation and aspect at the center 


of 47 Table Mountain pine stands. 


Large dots represent centers 


of two stands. Stands with slope of less than 15% were not 


plotted. 
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north aspect is on an old field with an 18 percent slope, 
and contributes little to dispute the contention that the 
species usually occurs on southwest-facing slopes. From 
Fig. .6,-higher, elevation.stands.appear.less..limited to the 
southwest aspect than those at lower elevations. 

EXceptLzons.to.the.genexal —™.rcule shouldbe. noted., 
however. On Rocky Face, a small monadnock in Alexander 
County, North Carolina (Keever et ads, 1951), the pine ,occurs 
only on a north slope about 1800 feet (549 m) in elevation, 
although apparently similar areas are available on other 
Beeeees On the mountain. It is limited to a north and 
northwest facing blu££E along the Pigg River in Virginia. 
Aspect, alone,’ Can have no effect On tree distributren. 

However, it profoundly influences the climate of a slope 
(Batitings, 1952 Geiger, 1965). The direct beam irradiation 
on slopes is greatly influenced by aspect. "Potential solar 
beam irradiation” is irradiation the slope would receive if 
atmospheric turbidity were absent, and can be considered as 
a slope parameter, changing only in the annual cycle. 
Compiled from tables of this parameter in Frank & Lee (1966), 
Table 3 illustrates the influence of aspect at 38 degrees N 
latitude, for a 40 percent slope. (The average slope for the 
38 pine stands sampled in 1966 is 42 percent or 23 degrees.) 


Differences between aspects are greatest in the winter. 
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Table 3 


Daily potential solar beam irradiation in Langleys at 
38°N for a 40 percent slope (from Frank and Lee, 1966). 


Date 
March 21 
Aspect June 22 Sepe. 25 DEC IZ 2 
North 971.5 461.3 5s 
NE, NW 969". 0 Bao ISS pa) 
E, W 986.0 lees 366 .0 
SE, SW S6F-2 836.6 DOS. 


South 942.9 880'.7 655..7 


Sky raddation, resulting £rom atmospheric turbidity, 

















is essentially equal for all aspects and tends to equalize 
the radiation received, although measurements of total 
radiation still show large differences with aspect (Geiger, 
1965). 

Wind and moisture conditions also affect the climate 
GE GItferent aspects. There may be local precipitation 
differences on different aspects. Soil and air temperature 
also change with aspect. The southwest slope can be 
expected to be the warmest, because it receives its maximum 
radiation during the afternoon when most of the energy is 
used to heat the soil and the air. Research cited by 

Geiger (1965) shows the warmest area on a somewhat conical 
mountain to be in the middle of the southwest slope, and the 


coldest in the middle of the northeast slope. Evaporation 
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measurements followed the same pattern. Parker (1952) used 
Similar microclimatic patterns, integrated as differences in 
Sole molsture, totvaccount for’ species distributions! in 
northern Idaho. 

Within the range of Pinus pungens (near sample area 
29) a recent two year study of environmental, vegetational, 
and phenological gradients on opposing north and south slopes 
tucther illustrates the effect’ of aspect’ on’microclimate and 
species distribution (Mowbray, 1967). The following factors 
increased £rom lower to upper slopes and from the north- to 
the south-facing slope: annual insolation, air and soil 
Lemperatures), vapor pressure deficit, and evaporation. 
Dueterencesjvanvsoalsiwereralso found.” Clay* content increases, 
sand content decreases, and clay type changes from the north 
tor South) slopes,-and upslope. Upper slopes have a greater 
water storage capacity than lower ones, although soil depth 
increases downslope. Mowbray concludes that the most 
important factor controlling species distribution in this 
area, which has an annual rainfall of 90-100 inches (229-254 
cm) iS not soil moisture but rates of evapotranspiration. 
Although the rainfall is much above that found throughout most 
of the range of Pinus pungens, this area probably shows 
many features which would appear in comparisons of north 


and south slopes elsewhere within the range of the species. 
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Losche (1967), working a few miles south of sample §S 
in Smyth County, Virginia, found that mean annual soil 
temperature on a south slope at 50 cm was 2 C higher than 
en the north slope. The maximum difference of 5 C occurred 
ma tne winter. 

From Fig. 6 and the aspect-microclimate relationships 
discussed above, it appears that Pinus pungens occurs most 
GELen On areas with the warmest and driest microclimate 
available. 

A detailed study of the relationships of geomorphology 
and vegetation was made about 15 to 20 miles SSW of area 14, 
in western Virginia (Hack & Goodlett, 1960). Vegetational 
GucebibuETons were interpreted in terms of soil moisture 
conditions. Pinus pungens is an important member of the 
yellow pine forest”, which occupies only those areas which 
ape Convex away from the mountain, the “noses”, and ridges. 
These areas theoretically receive minimal runoff water and 
seepage from slopes above, while concave areas receive the 
maximal amount. Effects of topographic position, soil 
mantle texture, dip and nature of geologic strata, exposure, 
altitude, and assymetry of opposing slopes also influence the 
moisture regime. This study indicates that many factors 
besides microclimate, considered primary in the previous 


discussions, may influence moisture conditions and therefore 
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influence species distribution. Such factors may explain 
presence or absence of Pinus pungens in situations which 
contradict the general relationships found in the present 


study. 


Microtopographic distribution. Even within Table 


Mountain pine stands, fairly consistent differences in species 
distributions occur. While Pinus pungens and P. virginiana 
Usually occur throughout the site, P.- rigida sometimes is 
Bestrrceed tO dreds Om the periphery Of “the stands” It “may 
Henson tie Lower part Of a-shale=slope, but “not the top of the 
Erage, OF to the "side Of~a rocky “outcrop, while* the other 
pines grow on the most extreme parts of the substrate as well. 

in some cases, especially at” areas D and L, pines” and 
Sans dre generally segregated within the pine stand. “The 
Be@rock appears to be in laterally “overlapping layers, Yike 
a Shingled roof tipped sideways. P. pungens occurs on the 
hii sOrt Ol the "exposed rock outcropping, while oaks are in 
the “trough” between the end of one “shingle” and the base of 
the next, where more soil has accumulated and where water 
probably accumulates. At area Q, Table Mountain pine is on 
Ene ena and around the “edgés of a rocky point, but the center 
is dominated by pitch pine. 

invmeany cases, P. pungens is strictly limited to the 


southwestern aspects. Other pine species may occur further 
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fanound the shail, of over the top of the ridge. In some 
Shale areas, P. virginiana is much more common than the 


GEnes pines on the Open eastern or northern slopes. 


Geology. Meehan (1889) noted that Pinus pungens in 
Pennsylvania was then known to grow only on upper Silurian 
and perhaps lower Devonian rocks. This suggestion of a 
Subsitrate=specificity-of -the»species: was-followed up in» the 
presenitastudy by connrelatingsits,occurrencewith) the 
geological formation on which it was found. Any preference 
fOr Certain Substrates might suggest what factors limited 
the range. Using the most recent geological maps that could 
be found, the formation upon which the species grew was 
determinedetor,-68 observations. In borderline ycases, samples 
Of Fock £rom the sites were compared to descriptions given 
for the strata involved. Table Mountain pine occurred on 20 
named formations and 3 groups of unnamed strata. Six of the 
named formations, plus unnamed gneisses and schists, account 
for 48 of the 68 locations. These formations are listed in 
Table 4. 

Which formations are equivalent is difficult to 
determine, but the situation presented in the table is the 
best summary that could be extracted from the references 


listed. 
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Geological formations on which Pinus pungens was observed 
Eines OF More tCames - 


Brent, 


1960; 
1958; 
Reed, 


Nelson, 


Pen. ep. 


Formation 


Wilson Creek 
Gneiss 


Snowbird Fm. 


Chilhowee Gp. 


(Undcoi,, Loudon, 
Weverton, Erwin 
Fm) 

Hampton, 


Harperss Fm. 


Clintons 
Tuscorora Fm. 


Chemung, Portage 
Fm., includes 
Brallier Shale 


Hampshire, 
Catskill Fm. 


Unnamed Gneisses 
& Schists 





1960; Bryant, 
1894; King and Ferguson, 


E964; Tilton et al .; 
Sseny., Virginid Div. Mineral Resources, 


Age 


pe 


Lhe) 


(Geological information from Allen, 
1962; Hadley and Goldsmith, 
f960;"*Knopt and Jonas; 
1962; N. C. Dep. Conservation and Development, 
1960: Price and Heck, 
U. S. 


Internal Affairs, 


1927; 


No. 
Locations 


10 


1963; 
1963; Keith, 
E929 - *hegrand., 


1939; 
Geol. 
1G 57 


Dep. LnCerior, 
1963; Vokes, 


Geographic Area 


Blue «Ridge, aBurkes Co. 7N.C. 
Valley-and-Ridge Province, 
Peni. 


Blue Ridge and outliers, 
Northern Va. and Md.; 
northeast Tenn. and south- 
west Va. 


Northeast Tenn., southern 
Penn., central Va. 


Massanutten Mtn., Va.; 
central Penn. 


Valley-and-Ridge, south- 
western Va. to southern 
Penn. 
Valley-and-Ridge, central 
Va. and W. Va. 


Piedmont monadnocks and 
Blue Ridge, southern Va. 
to Md. 
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It appears that Pinus pungens is associated to some 
escent with certain geologic strata. Part of this association 
is due to the type of topographic forms the strata take under 
weathering, such as the shaly ridges and embankments found 
ea the Chemung—Portage formation, and the sharp ridge outcrops 
Ge tne Chithowee group. Part Of the association of the pine 
Waeche these formations may also be due to chemical and physical 
Characteristics related to soil “formation and to supporting 
plant growth. 

Pinus puhngens was not found on limestone. The only 
Records OL “its occurrence on Limestone is: a herbarium specimen 
(NCU) collected near Linville Caverns, McDowell County, North 


Carolina. 


Souls Occurrence of Pinus pungens, on Git trerent ~Soi 
series shows a pattern similar to that with geology. The 
Soil series for 38 separate occurrences of the pine were 
determined from the appropriate Soil Surveys of the U. S. 
Department of Agriculture. Eleven soil series and the 
general category of "rough stony land” were associated with 
Pinus pungens. The most common series are listed in Table 5. 
Soils classified as "rough stony land" with soil material 


of a given series are listed under the series name. 
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Table 5 


Soil series on which Pinus pungens was observed in four or 
more places. (Data from U. S. Dep. Agr., Soil Surveys.) 


No. 
Series Locations Region 

Ashe 4 N.¢. Blue Radge 

Dekalb 5 Valley-and-Ridge, W. Va. to 
southern Penn. 

POrters 5 Blue Ridge, S.C. to central 
Vaz; South;Mountains, N.C. 

Ramsey 5 Eastern Tenn. and southwestern 
Wal. 

Ashe-Porters- 

Ramsey 1 Grandfather Mountain, N.C. 

"Rough stony land" Blue Ridge and eastern out- 

(no series listed) 5 liers 


The soil serzes where Table Mountain pine is found 
are generally stony; shallow, sometimes without profile 
development; strongly acid; infertile and of low productivity; 
and well to excessively drained (U. S. Dep. Agr., Soil 
Surveys). The species usually occurs where soil development 
is minimal, so the conditions listed above are expressed in 
their extreme form on areas where it grows. 

The soil series have somewhat the same pattern as the 


geologic strata. Four of five Dekalb soils are on Chemung- 
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Portage Formation rocks, for example. 
The soils sampled during this study contained large 
Humbe rS VOL® Looseh rocks), Aupito.a foot, orrmore in size, In 
some cases the only “soil” was a mat of organic matter and 
HOOES between or ower the rock. After all stones over 
about an inch diameter were discarded, soil samples still 


contained large amounts of gravel (Table 6). 


Table 6 


Geavel over 2 mmeeidiameter an soil samples. 
Percent Of air-dry) weight. 








Non-shale Areas Shale Areas 
Horizon (27 stands) (11 stands) 

Pine Oak Pine Oak | 
Topsoil 34. 30 54 56 
Subsoil 38 38 59 59 





Physical and chemical characteristics of the 1966 





Sample area soils for Table Mountain pine and oak stands 

are summarized in Table 7. All values are averages for 38 
stands except texture and aluminum (16 stands), and cation 
exchange capacity (6 stands). Table Mountain pine stands 

have less sand, more clay, a lower pH and lower concentrations 
of mineral nutrients in both top and subsoils. Differences 


in concentrations of calcium, magnesium, and manganese are 
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Table 7 





















Average characteristics of soils from 1966 sample areas, 


(t one standard deviation). 1 lb/acre = .92 kg/ha. 
No. Topsoils Subsoils 
Characteristic Areas Pine Oak Pine Oak 
Sand (percent) 8 61410 63110 49411 53211 
Silt (percent) 8 28ts 2718 30t9 28t7 
Clay (percent) 8 1145 1146 7a ae ists 


Water holding 
capacity (%) 19 1446 14+7 1646 16t6 


Depth (cm) 19 7.7£5.7 8.86.8 


depen of -TTtter 
(cm) 19 5.122.4 4.942.5 


Organic matter 


(percent) 19 5.5¢2.2 6.022.3 pipiyths elopmsi 5 
pH 19 BOF 235 wiAuDtsd A sats 2 4.54.3 
Ca (lb/acre) 19 LO7283, 2755314 45437 84493 
Mg (lb/acre) 19 27 £12 5640 24217 40132 
P (lb/acre) 19 5.2£3.3 7.35.6 6.8t10.8 7.519.2 
K (lb/acre) 19 91146 122154 68t28 89t60 
Mn (lb/acre) 19 364105 138+t182 21%34 56489 
NO3 (ppm) 19 DOs. Te wel Sk. 8 1.5.6 1.91.5 
NHg (ppm) 19 POLS Oe 17 5210.2 1921520, . 17.5£10.2 
Al (me/100 g) 8 12t4 1324 4t3 at2 

* CEC (me/100 g) 3 11.543.8 9.525.4 


* Cation, Exchange Capacity 
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47 
the largest. Variation between sample areas is great. 

An "average" topsoil for a pine stand is a sandy 
loam; the subsoil is a loam. In oak stands, 13 had sandy 
loam topsoils; 8 had loam subsoils and 5 had sandy loam sub- 
soils. Twelve oak stands had sandy loam topsoils; seven sub- 
soils were sandy loams and six were loams. 

The: ‘differences! in soil characteristics: found 
were not unexpected. Losche (1967) and Mowbray (1967) found 
Similar differences between north and south slopes in the 
southern Blue Ridge escarpment, although Losche found fewer 
differences between slopes in southwestern Virginia, where 
the soil developed from quartzite. Although the pine-oak 
comparison made here is not strictly a north-south slope 
comparison, the differences in vegetation on the areas 
compared are somewhat the same. Which differences between 
stands are probably significant to the distribution of Pinus 
pungens will ‘be: discussed later, for ‘those: characteristics 
measured for most soils. Analysis of variance of exchangeable 
aluminum and cation exchange capacity data showed no 
differences between pine and oak. 

The datalin ‘Table: 7 represent the situation which 
would exist with all substrate particles less than 2 mm in 


diameter. In chemical analyses presented as lb/acre the 
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further condition of a "furrow-slice" depth for each horizon 
is assumed. Both assumptions cause overestimation of nutrient 
content and water holding capacity of the sites upon which 
Pinus pungens grows. The large amount of gravel (Table 6), 
larger stones which may occupy the majority of volume of the 
substrate, and bedrock under shallow soils greatly reduce the 
percent of the volume o£ substrate for which the soil analyses 
ane valid aqgcSincessoils varneim depth rand “stoniness-and 
csamnce the roots of Table Mountain pine may occupy cracks in 
mue bedrock, there is no way to estimate accurately the 
supply of water and nutrients trees may have. However, 
beeause the physical conditions of the site reduce the volume 
Ge seit material, already low in nutrients, it appears that 
these sites have a small nutrient supply available. Accurate 
Comparison of different sites would require information about 
actual soil volumes and rooting depths. However, the available 
imLormation 1S a first approximation of the conditions existing 
Om arererent sites. 

Some chemical analyses are presented as lb/acre to 
avoid the assumption of a standard "volume weight" for all 
soil samples. Analyses on samples of measured volume make 
Such an assumption or the determination of "volume weight" 
necessary to express nutrient concentration on a weight basis 


(P. H. Reid, personal communication). The use of these units 
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allows comparisons of soils with different densities by 


presenting the amount “Of nutrient “in ‘a standard volume “of 


Vegetation. The vegetation on sites where Table 


Mountain pine occurs has relatively few species (Table 8). 


Table 8 


Average number of higher plant species per stand, 
1966 sample areas. 


Teees 
Geological Over- Under- Ground 

Stand SUDStrate Story story Seedlings Shrubs Cover Total 
Table Shale 59 a 3.9 6.4 6.4 23:8 

Mountain 
Pine Nonshale 4.7 6.3 6.4 6.9 55 22.0 
Total 4.9 6.16 7 ae 6.7 516 22.9 
Shale 4.5 8.8 Do ERS} 53.3 7 26.9 

Oak 

Nonshale 4.4 6.0 G43 59 5.4 20.9 
Total 4.4 6.6 YEE: Sey 5 9 22.6 


each row do not add to the “total" 


because aigiven tree species may occur in one to three 


The data in Table 8 show that, on the average, Table 
Mountain pine stands had about the same number of species as 


the neighboring stands without the pine. However, on a given 
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50 
substrate there was a marked difference, pine having more 
than oak off shale, but fewer on shale. The main differences 
between pine and oak, on the average, were in the shrub 
Stratum and the overstory, where pine’ stands had: l.0 and 0.5 
mone Species, respectively. A greater difference existed 
between stands on shale and those not on shale, especially 
in oak stands. Stands, on shale had, more species. in all 
tree strata and in the ground cover, and fewer shrub 
Spectres. Tae greater number of ground cover species and 
seedlings was probably related to the lower shrub cover, 
Sanec, theprelative reduction in shrub cover observed on 
most shale stands was greater than the reduction in shrub 
Species number. Soil surface of many shale stands is 
partly “ooyered by fruticose lichens. 

Because most stands were visited only once, the 
number of herbaceous ground-cover species reported could 
be lower than it should be, due to missed early- or late- 
season plants. However, these appear to be insignificant 
except in a few areas and the numbers of species given in 
teobles Ss should refillect the trues situation. 

Tables 9 and 10 show the percent presence, and 
average importance rating when present, of all species which 
occurred in four or more pine or oak stands of the 38 sampled 


in 1966. 
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Table 10 






Percent presence of shrub and ground-cover species in 38 Table 
Mountain pine and 38 oak stands, 1966 sample areas. 
(Average importance rating when present shown 
in parentheses.) 





Pine Oak 
SHRUBS Kalmia latifolia 84 (3.3) 87 (2725) 
Vaccinium vacillans 
(+ V. pallidum) 82 (2.9) 63:26) 
Smilax spp. TA (2 30) 47 (1.8) 
Gaylussacia baccata 7430) 37 (2.6) 
V. stamineum 66(1.9) 63(1.9) 
Castanea dentata 55 (1.9) 63(1.8) 
V. angustifolium AS (272) 32:(1.6) 
OO] alsetiolia 39(2.9) TA (25.10) 
Hamamelis virginiana 2a (CY .4) 25 (2.2) 
Rhododendron catawbiense 18(2.9) LE (13) 
Leucothoe recurva Loi(2. 4) 8(2.-7) 
Viburnum acerifolium rSiGi36) 26 (d:-5) 
R. minus Michx. Ta S38)) Hes) 
Hypericum sp. (235) 3 (130) 
R. maximum 5'(1.5) 14.(2.4) 
ViELS Spp. 5 (1.0) 29'(2 0) 
GROUND 
COVER Pteridium aquilinum 53i(E.9) 32 (15) 3} 
Tephrosia virginiana 37 (2.4) ---- 
Epigaea repens 37 U1 5) 16 (1. 7) 
Gaultheria procumbens 34)(1 78) B2NZEO) 
Galax aphylla 24 (2.4) 24 (2.3) 
Panicum spp. 1B (1220) 24 (1.4) 
EELS. (Spi. 13:°(2 <0) ESC ee) 
Polystichum acrostichoides EeC1rss) TSG 0!) 
Baptisia tinctoria Pa (3) ---- 
Chimaphila maculata it FCO ee Cas 2) 
Potentilla spp. Lit.) pia I (a a I 
Uvularia spp. 8(1.0) 1 CLs 3) 
Dioscorea villosa St 25) 34(1.5) 
Aralia nudicaulis 5(1 9) La €2%0) 
Hieraceum sp. ag ee Sti 2) 
Dryopteris spp. Bh 3.(2..0) t6-¢L.2) 
Parthenocissus quin,efolia 3¢1. 0) cA Ay i ee | 















£2 


elder 8£ nt esiveqe 
.sse16 Sigmse 


X60 
(2.$) Te 


(9. S)€8 
(B.1) TB 
(a. 8) TE 
(@, £)€8 
(B.L)£S 
(aat) Se 
(0. 8).£2 
45.8) 2h 
(a. fel 
(T. Sy 

(2 -byes 
(SS yi Es 
(oO “Lt 

(fof) 24 


(Si E)EL 
(I. £) £8 
(est) Li 
(2.5) BE 
(OS) LE 
(S.£)E2 
(SL) as 
(v.L£)aL 


satqd 
(E.£)88 


(e. S)pse 
(0.5) 8° 
(O.%) £9 
(@. £)aa 
(@. [jeez 
(s.S) ab 
(e.syet 
(b. 2)8S 
(@. S)8L 
(1 -8)8L 
(a. fel 
(£ £301 
(@.S) £4 
(@.2)€ 

(O.h)é 


(@. £62 
(u, £) TE 
(@.£) TE 
(@.£) &E 
{h. 8) HS 
(O.L£)85 
(@ SEL 
(8. £) 44 
(E.£)44 
(O. £}4£ 
(O.S)if£ 
(0.£)8 
(@.{)2 
(O.L)2 
(2.£)2 
(O. LYE 
(O.1)€ 


nwoda dreasug Bre sccrre: mk 
(-aeeerisaeey <2 . 


_ saneidwats5 aoxrbashobord 






















; 
ow 


siLotiokit ‘0 
srpinigriv ail 33). 1 


avipoe1 Sortosuet 
myrilotixsos munmiudiv 


mailiups mibixss@ 
ensinipriv sleordgeT 


I, q 


ry 


eneqsz ssspiq® 5 
aenedmoorg sizedsiveD | 
siiyigs xsisD — — 
.qae moines 3 | aa 
.ga eixt ee 
eobtorotseoxos mutotsteylot ey | 
gizotonlt+ sheisqse > a 
stsivosm sit 3 ' 
£ 


Table 10 (continued) 





Asplenium platyneuron 
Mosses on soil 
Lichens on soil 


Pine 


55 (1.3) 
24 (3.0) 





53 


Oak 


3) (i 22) 
66 (1.9) 
24 (1.9) 
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Some problems of species identification should be 
mentioned here. Field identifications of Vaccinium species 
used in statistical analyses presented below were not always 
confirmed by later work with specimens. V. vacillans and V. 
pallidum are lumped in these analyses as V. vacillans. 
Specimens tentatively identified as these two species or as 
V. angustifolium showed continuous range of variation in some 
key characters, making identifications approximate at best. 
specimens best fitting descriptions of V. angustifolium or 
varieties (Fernald, 1950) were collected well south of its 
reported range (Reiners, 1965). Results utilizing these 
Mmecnttttcations must be interpreted cautiously. 

Table Mountain pine stands have few important species 
Beesecnt throughout the range. Several of the more important 
Speer1es Which Occur with the pine are restricted to one end 
Gretes range. Quercus ilicifolia, Viburnum acerifolium and 
Vaccinium angustifolium are most important in the northern 
Pert O£ the range and absent from the extreme southern part; 
the evergreen Rhododendrons, Epigaea repens and Galax aphylla 
ane important only South of Virginia. Among tree species, 
GO. velutina is important only in the north; Q. marilandica 
and Oxydendrum arboreum, in the south. Some species usually 
Geeur Only im certain situations: Betula lenta on rocky, 
nonshale areas, and Pinus virginiana at lower elevations, 


especially on shale. Other species, while not important 
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throughout the range, are o£ interest and seem characteristic 
of pine stands where they occur. Xerophyllum asphodeloides 
2s Common in areasyP,.@,vandilianLeiophyllum buxifolium is 
the most important shrub at site Q and a woody Hypericum 
forms a dense cover on»other rocky; high’ elevation: sites. 
bilson mechauxii is one of the more colorful exceptions to 
the usual ericaceous lower strata found with the pine. 

Vegetational differences between oak and pine 
stands, apparent from Tables 9 and 10, will be discussed 
Rakers 

The species occurring with Pinus pungens are not 
randomly associated with each other. At least some species 
wend tO occur together and tend not to occur when others 
are present. Correlation coefficients of 1) the presence 
St tne Species and 2) the importance rating given the species, 
with those of all other species, were determined for a 
number of the more important ones (see Table 12 for a 
complete list). Positive correlations significant at the 1% 
levels were: usedeto' define groups» of three or more associated 
species within the vegetation of the 1966 pine samples. 


Correlations of presence gave the following groups: 
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A. Quercus alba (overstory and understory) 
Cornus Elorida 
Hamamelis virginiana 
Pinus strobus (overstory) 


B. Quercus prinus (understory) 
Pinus virginiana (overstory and understory) 
Vaccinium stamineum 


C. Pinus virginiana (overstory and understory) 


Gaultheria procumbens 
Quercus coccinea (understory) 


Correlations of the importance ratings of species in 













pine stands gave somewhat different results. Group A 
defined by presence appeared, but lacked Hamamelis. Groups 
B and C were lacking, but two new groups appeared: 
D. Quercus prinus (overstory and understory) 
Carya spp. (understory) 
Vaccinium angustifolium 
E. Quercus coccinea (overstory and understory) 
Tephrosia virginiana 
Vaccinium vacillans 
Mahy groups of two correlated species, or a linear 
sequence Of several, each correlated only to two others, 
Sceurred. These indicated the correlation o£ Galax with 
Rhododendron catawbiense and with Kalmia latifolia, and of 
Gaylussacia baccata with Amelanchier spp., for example. 


Correlations found within Table Mountain pine stands 


using the importance rating are shown in Fig. 7, to illustrate 
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Figure 7. Positive correlations found between importance 
ratings of species associated with Pinus pungens. 
Species are represented 
by the following symbols: AS, Amelanchier spp.; BL, Betula 
lenta; CD, Castanea dentata; CF, Cornus florida; 
GA, Galax aphylla; GB, Gaylussacia baccata; GP, Gaultheria 
procumbens; KL, Kalmia latifolia; NS, Nyssa sylvatica; OA, 
Oxydendrum arboreum; PA, Pteridium aquilinum; PR, Pinus rigida; 
PS, Pinus strobus; PV, Pinus virginiana; QA, Quercus alba; QC, 
Q. coccinea; QP, Q. prinus; R€, Rhododendron catawbiense; SA, 
Sassairas albidum; TV, Tephrosia virginiana; 
angustifolium; VS, V. stamineum; VV, V. vacillans. “Strata 
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U, understory: SS, shrub; HH, ground cover, 
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the basis for groupings listed previously. 

Negative associations also provided clues to the 
species patterns within the range. Presence of Galax was 
negatively correlated with Quercus prinus (understory), Q. 
ilicifolia and Vaccinium vacillans, for instance, showing 
they occupy different geographic areas within the range of 
Finus pungens, Ok that they occur on different types of sites. 
Negative correlations of importance ratings showed Galax 
negatively associated with Q. prinus (overstory and understory) 
and with» WV.) vaciddans:. 

Sumaloaxspanalysis of correlations of species in all 
stands gave groupings related to the degree of association 
Gretne Sspecres with pine or oak stands. These will be 
egiuseussed later. 

Importance ratings of species from pine stands were 
also correlated with some site and soil factors (see Table 1l 
forma completeslist).i..Correlations significant, at the 1% 
level showed the following patterns of species distributions 
with respect to the site characteristics examined. After 
each species is listed the change in the characteristic 
correlated with an increase in the importance rating of the 
species. An increase in the magnitude of the characteristic 


is coded (+); a decrease is coded (-). 
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Quercus prinus: elevation (-), latitude (+), subsoil 
water holding capacity (+), subsoil nitrate (+), top- 
soil magnesium (-). 


@-) coccineas elevation (=). 


Carya spp.: subsoil calcium (+), potassium (+) and 
Organicimatters (+). 


Pinus strobus: latitude (+), topsoil organic matter (-). 
Q. alba: subsoil calcium (+). 
Oxydendrum arboreum: subsoil ammonium (+). 


Betula lenta: topsoil calcium (+) and phosphorus (+), 
subsoil phosphorus (+) and percent rock outcrop (+). 











iA. prinus -soOelevationv (—) ,. latitude (4+)\° subsoil 
nitrate (+). 

Zo mi. COCCINeGa: topsoil pH (+). 

3. Q. alba: subsoil gravel (+). 

4. Nyssa sylvatica: total basal area (+), topsoil organic 
matter (-), subsoil organic matter (-). 

5. Oxydendrum arboreum: topsoil water holding capacity (+), 
topsoil ammonium (+). 

6. Sassafras albidum: subsoil potassium (-), topsoil 
gravel (-). 

7s Cornus: florida:*) total basal area (+), topsoil 
manganese (+), subsoil manganese (+). 

8. Betula lenta: subsoil phosphorus (+). 

Shrubs. 

1. Rhododendron catawbiense: elevation (+), topsoil 


organic matter (+) and magnesium (+), subsoil organic 
matter (+). 
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61 
2. Kalmia latifolia: subsoil water holding capacity (-). 


3. Vaccinium stamineum: elevation (-), latitude (+), 
subsoil nitrate (+). 


4. V. angustifolium: latitude (+), topsoil nitrate (+). 
DE Ground cover. 


1. Galax aphylla: elevation (+), latitude (-). 


2. Tephrosia virginiana: elevation (-). 


Correlation does not imply causality. Significant 
correlations between certain species and characteristics 
can result from several relationships between them. The 
plant may respond to the characteristic or to some other 
Character ristie® correlated with it; or may “deteminethe 
Gharaeteristic. Using =the 99% confidence level, one would 
Expecee Sone ypercent Of “correlations to be;significant by chance. 
The “natune “of the characteristic can *help to’ define 
BeuEy pe OfSrelationships “Presence of a given species "cannot 
imalvencenelevation on atatude sof austand>* However, “the 
eoncentration ‘ofusome nutrient, especially in topsoil, may 
be greatly “inftluenced*by the vegetation. Several species 
listed above (Carya spp., Cornus florida, and Quercus alba) 
accumulate calcium more than other species, as Q. coccinea 
and pines (Kramer & Kozlowski, 1960). Litter fall concentrates 
this in the upper soil layers. Selective uptake may also 


involve exclusion of an element. Gerloff et al. (1966) show 








ia 
. (+) yttosqss omibiod xotew Lioude 





















(4) sbusivel \(-) sobdiewoler « 


. (*) stetsian Ifosyos . (+) sietzrsel 


.(-) sbutitst , (+) sotstevelo 


Z (+) noissvels tbMSsnLpaLy 


jnsota tapse -vtilseuso yiqmt ton. asob nxn 
apitgeltetosisd5 fas getpege nisdxe. 19 
si? .meris neswied agidenoissler Isizevee ood 
terito smoe ot 10 ciseitetdoszedo sit oF Bnogees” 


oft saimresasb ysm to ,tt diiw Bedseletnoo 5 k 
i? 
binow ono ,fevel sonebLinoo 48e@ edt prise okgak 


.9onsh> yd insdbtinpis ed oF emoiseiexzros to dneDIsq | ; 
: 5 * 

snktsb ot gisodt nm65 ohserseineienS s3 30 SiuisH ont 

pa i 

jonnsp estoeqs nevip & to soneeesd -qidenotsslet ao 4 ait 
sayy 
~e 


sift .tsvewoR .baese s 20 ebetistsl xo Ee 





yam ,lioaqos nk yiletoseqes ,tnelisten soe +0 posse 
' nes 3%eA 6 nd 
asinsgs Jsereved .notjstapey edd yd beonaatqee yisserp od 


(sedis eyoxeuQ bas ,shivols SEAESO . +998 Sys) eveds besett | 


OS, mee fst 
#sctooo .9 es ,asissqe  weiso nets stom muitolseo ess iuawooe 


wie. Se & 
retsxineonop Ifsi seictt .(08@L .ttewoiaot 3 empl? 
cels ysm siAssqu ovidosist Bray Ltoa ha orig 


~ ee > =e ae 
wore (a8€1) ls to 220LTem © sonuete we evloxs sviovni 








ham 
62 




























that several species of Cornus in Wisconsin exclude manganese. 
Cornus florida, which was not studied by Gerloff et al., is 
positively correlated with higher concentrations of manganese 
Pre ene=pine* stands studied. ©“ *Gerloft et abe tsuggést that 
Cornus tolerates high levels of manganese by excluding it, a 
mechanism which may operate in C. florida, although the 
species was present in too few stands to give strong evidence 
for the mechanism. 

Despite’ the dangers of using correlations asa 
Substitute for proof of cause-and-effect relationships, some 


eCorrelatrons in the above lisis°-are’-usetul .for-suggesting 





reasons for the occurrence-of* groups of associated’ species 
listed above. The negative correlation of Quercus prinus 
(understory) with Galax may be due to opposite patterns of 
importance in relation to elevation and latitude. In the 


group’ of associated species’ denoted B, Q. prinus» (understory) 





and Vaccinium stamineum showed similar relationships to 
elevation, latitude and subsoil nitrate levels. In group D, 
Q. prinus in both strata and V. angustifolium increased with 
inercasing latrcude and subsoil-nitrate. “In"group'E, Q' 
coccinea (understory) and Tephrosia virginiana both increased 
at lower elevations. Importance ratings of some species 
(Carya spp., Betula lenta, Q. alba, Cornus florida and 


Rhododendron catawbiense) were correlated with higher levels 
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of mineral nutrients, but Sassafras was negatively correlated 
with potassium concentrations, and Q. prinus (overstory) was 
correlated negatively with magnesium. Several of the species 
associated with those pine sites with higher levels of 
Certain huteientseareprelatively unimportant? in) pineostands 
but more common in neighboring oak stands (Tables 9, 10), 
which have higher average nutrient concentrations (Table 7). 

Several workers have described vegetation containing 
Pinus pungens (Rodgers, 1965, and Racine, 1966, for the 
Southern BiluerRidge; Cain ,wi931l;nand Whittaker; 1956). for >the 
Great Smoky Mountains; Williams & Oosting, 1944, for Pilot 
Mountain, \NsC.; Davis; 1930,°f0r the Black»Mountadins)oN.C.;$ 
and Allard, 1946, for shale barrens on Massanutten Mountain, 
Va.). A compilation of species lists from the above papers 
showed general agreement with the information presented in 
Tables) 9 and= 10es* Onesdifference: between. this study and the 
prev2zouscones isedne the! relative: importance. of Quercus» prainus 
and Pinus rigida. This study showed Q. prinus to be more 
common, and to be quite important, while five of the studies 
listed above considered P. rigida the more important. Dis- 
tribution of study areas explains this discrepancy. Q. prinus 
is more important at lower elevations and higher latitudes, 
where many samples of the present study were taken, while six 


of the seven papers cited above are from North Carolina and 
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64 
Tennessee. In three of the four 1966 sample areas in these 
two states, where at least one of the two species occurred, 
P. rigida was more important than Q. prinus, the same 
relationship found in the literature. 

A few other species cited in at least three of the 
seven studies, but not in Tables 9 or 10, showed similar 
nHelationships), being, in, less.than four; southern. stands... Two 
herbaceous species cited in several of the southern studies 
were not recorded in any stands during this study as separate 
species. Andropogon spp. were the most important herbaceous 
species found growing with Pinus pungens by Racine (1966), 
Rodgers (1965), Whittaker (1956) and Williams & Oosting (1944). 

Onei can extract a good, picture of vegetation found 
with Pinus pungens from Whittaker's (1956) nomograms (in his 
Appendix A), indicating the relationships between the "Table 
Mountain pine heath" and a number of species of trees. 
Importance of tree species occurring with P. pungens in xeric 
and subxeric sites (Whittaker's Tables 6 and 7) correspond 
closely to what was found in this study, excepting those 
species not found in the southern part of the range. 

Vegetation similar to that found with Pinus pungens 
also occurs in other areas. Cain (1931) and Davis (1930) 
comment on the similarity of the mountain "pine heaths" to 


Coastal Plain pine barrens. Reiners (1965, 1967) describes 
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the shrub layer of pine barrens on Long Island as a 
discontinuous stratum of Quercus ilicifolia above a layer of 
Gaylussacia baccata, Vaccinium vacillans and V. angustifolium. 
This group O£ species was found intact in six of the northern 
1966 pine stands, and lacked only one component in 13 more. 
Thirty-two of the 38 1966 pine stands had at least two of 

the four species. Canopy species cited by Reiners, especially 
Pinus rigida and Q. coccinea, were common in many stands of 
Table Mountain pine. 

The vegetation of Table Mountain pine stands is 
composed mostly of species with wide ranges and apparently 
wide’ environmental tolerances, such as Quercus prinus, Q. 
coccinea, Pinus rigida, P. virginiana, Kalmia latifolia, 
Vaccinium vacillans, V. stamineum, V. angustifoliun, 
Gaylussacia baccata, Smilax spp. and Pteridium aquilinum. 

No species could be called exclusive to the stands. The 
vegetation seems to consist of those species in the local 


flora which can survive the rigors of the particular site. 


OtherrBiotaciFactorsesrcSéveral bieticefactors in 
addition to higher plants may influence the occurrence of 
Pinus pungens and characteristics of the stands where it 
grows. P. pungens is susceptible to a number of insects. 


One causes an enlargement of the basal portion of the needle 
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fascicle and very short needles, but the damage was usually 
limited to a few fascicles on a given branch and seemed 
©£ Minor importance. 

A cone-boring insect may have a more significant 
SEreect Oh the species. Its effects were recorded on six 
Sample areas in 1966, and damage was rated "heavy" at sites 
N, M, F and E, from Georgia to Maryland. The larva eats 
mee pact Of the maturing cone between the central core and 
tme outer dayer of the cone, destroying the seeds. In some 
vVears Jt appears to destroy the entire seed crop of an area. 
Damage varied greatly from year to year in some areas. 

The red squirrel (Tamiasciurus hudsonicus) is another 
seed consumer. The range of this squirrel encompasses that 
Sfp. pungens (Collins, 1959; Golley, 1962). Mollenhaur 
(1939) attributes the scrubby appearance of Pinus pungens 
im Pennsylvania to limb cutting by red squirrels, to obtain 
the cones. Such damage was noted during this study, almost 
throughout the range of the species. Although the act of 
branch cutting was never observed, it is presumably done by 
the red squirrel, which is forced into less desirable 
habitats by gray squirrels (Gifford & Whitebread, 1951). 
Squirrels cut branches with closed cones on them, up to an 
inch or so in diameter, and then remove the cones on the 
ground by chewing through the branch. The cone scales are 


removed from the base to the apex of the cone by severing 
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the base of each scale, leaving piles of scales and cone 
icones”™, along with the branech™tips, under the trees. 
Beanches and "cones cut by squirrels “are illustrated in Fig. 8. 

"Squirrel damage” occurred in all 1966 sample areas 
except N and R. It was light in almost all Valley-and-Ridge 
province samples and moderate to heavy along the Blue Ridge, 
especially in North Carolina... At Moores. Knob, Stokes County, 
Ne Cc. NO damage was noticed until the winter o£ 1966-67, 
debe ra Spring frost had destroyed the year’s acorn crop. 

In a young stand with no sign of previous damage, being 

used for phenological observations, almost all branches with 
Glescascones were Cut. This tndicates the seeds might serve 
acme Lescerye £ood Supply for the squirrels. “Mollenhaur 
(1939) says, however, that use of Pinus pungens seeds was 
not limited to "hard winters" in Pennsylvania. Observations 
during this study also indicate more common use, since 

=eesh cuttings were seen at alf,times of the year... Damage 
to Table Mountain pine results from reduced growth as well 
as loss of seed supply. The leader and ends of the most 
vigorous branches are repeatedly destroyed, removing a large 
part of the photosynthetic surface plus past growth. Reduced 
height growth and crown expansion decreases the competitive 


advantage of Pinus pungens relative to those species not 
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Figure § 


Branches and Cones Cut by Squirrels 





a) A branch showing the whorled cones, with greatest 
development of umbo and apophysis on the side away from the 
bronch, protecting the point of cone attachment... One cone, 
Pome che Sade facing the observer, has been removed. 








b) Successive stages, left to right, in harvest of pine 
seed by squirrels: cut branch, with cone almost removed by 
chewing through the branch; cone separated; basal scales 
removed: cone "core" with severed scales. 
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suffering such trimming. Although red squirrels cut cones 
of several eastern pine species (Gifford & Whitebread, 1951), 
in the stands studied damage to other species was almost never 
seen, especially branch cutting. Squirrels may be able to 
remove the less heavily-armed cones of other pines from the 
branch on the tree. Although damage to Table Mountain pine 
has a marked effect on the form of the tree, it appears to 
play a somewhat less important role in causing "scrubby 
appearance" and heavy limbs than Mollenhaur (1939) attributes 
HO: It. 

Smith (1965) made an intensive study of the relation- 
Ssnrp Of the red squirrel to Pimus contorta in southern 
British Columbia. Squirrels apparently feed on the highest 
energy diet available, which is coniferous seed. Although 
more energy can be gained from other species for a given 
amount O£ work, the serotinous cones of P. contorta provide 
a Constant» £oodssournces *Conescaresattacked |similarlynto 
the apparent method for P. pungens. Cutting limbs with 
several cones on them saves energy and allows harvest of 
whorled cones. Smith proposes that cone characteristics 
which reduce the rate of energy yield of pine-seed eating 
are the result of selective pressure by squirrels. Such 
characteristics include greatly thickened basal scales, 


Spines, and whorled cones protecting the points of attachment 
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70 
to the branch, sterile basal scales on the cone, and hard 
scales, all except the first well-developed in Pinus pungens 
(Fig. 8). The same ideas might apply to it also. Cone 
cutting by squirrels has also been reported on P. radiata 
(Forde, 1964) and P. muricata (Duffield, 1951), among other 
species. 

Fungal infection does not appear to be extremely 
important in the ecology of Pinus pungens. Eastern gall 
fuse) (Cronartium quercuum:! “identification by Dr. W. J. 
Stambaugh) occurred in one stand. Heart rot is common in 
older trees invsome areas sort appears to enter most often 
from fire scars and from the long-persistent branch stubs 
Gharadeterist re of the "species: Most trees with heart rot, 


Sscept those deeply £fire-scarred, appear to be well over 





100 years old. 


Fire. Signs of fire were almost ubiquitous in stands 
of Table Mountain pine. Fire scars, charred bark on living 
trees, charred chestnut logs, and charcoal buried in the 
soil indicate fire was an important and relatively frequent 
Part Of the environment at some time during the life of the 
Stands studied, as it is for many other pines (Mirov, 1967: 
p. 444). Whittaker (1956) attributes presence of pine in 


areas of oak-chestnut climax in the Great Smoky Mountains, 
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72 
and its single age stand structure and periodic reproduction, 
to fire. However, he emphasizes that fire is not the complete 
controlling influence for pine stand distribution. 

Age structure of the Pinus pungens stands studied 
indicates the possible importance of fire. In many stands 
Mest ofthe treestiall into one’ or twosage groups;vyoung 
trees often growing in thickets with no older ones. In 
several stands one tree much older than the stand in general 
occurred on a location where it would be away from the most 
intense heekroLyiires; + suchsass*at thestop Lofsasrocky® cliff, 
or on a rocky point well above the stand below and somewhat 
isolated from that above. Such trees have apparently served 
as the seed source for repeated regeneration of the stand 
SLecrMraress 

The vegetation found with Table Mountain pine is often 
Gdeminated by! fire resistant species... Pinus rigida’ is reputed 
HOGeberthe MOst) fire-resistant’ species™ in’ the northeastern 
United States; and Quercus prinus is considered second, 
according to a survey of foresters (Spalt & Reifsnyder, 1962). 
Bark properties also indicate high resistance for these 
species. Q. velutina, Q. alba and Q. coccinea are rated 
next among the species in the range of Table Mountain pine. 
However, Fowells (1965) cites Q. velutina and Q. coccinea as 


being quite susceptible to fire,as they have relatively thin 
























a” ie 
tv ; Fels). 
aoksoubouge >ibctabg bes exmonsde base 996 6 


steignos sft ton et ork? .send eeeteatcimine 
.doituditteib busca eniq 202 























bab-oe 


beibute ebnste enepapg aunts ety tos 
abaste yosm at .2tti 20 oonsszogat ofdtenog ff 


pivey ,eqvoxp Sps owt tO eno oFnt fet, pare: 


ia 


ni .seao sebfo on dtiw etedotd?s ab pniwox 
fsxonsp ai Deece ofa neds sebLo doum eex3s0nme 
tpom off mox2 yews od Blyow ti oxenw aoks - 
22ifo vioor 5s 10 qos edz t& e6 dove , Regt. 
+erwemoe bas woied basse edt evods Liew tnteq 
bovisa yidneusqgs sve. sesxs douse .svods sds 
bisse edt to solsszenspes bedseqex 102 souwos 5: 
. 
netio 2f.sAniq aisiauom olds? riztiw bauvei nolsssepey or 


hetuqes ef sbhipitz aunk@ .setvege tasseiees Stik xe obs 

a 
axetesodduon of¢ ni eetoeqa stnstelLee2z-eTtl2 seom — 
iF Ys ie. 
.bnovee berebhienoo si epnixzg evorsy bas .eosese pips 
(<aei ,xoebynetiew 2 tisg®) exesesno0l io yovzee & “os ) patbsoose 
seetia! Ciek: 
gseeit yo? sonstetesz Mpac stsotbnai oslis — 243e8- 

9° 36°24 

beset 216 sentoocs .0 bas sdise .© ecbgokee: -Q .89. 

ee 4 wines 2% 
.sntq aisteasomM sidetT 20 spnsx edd nt eetosge sfx pnoms 2xen = 
oe 6° @ iw fer ay 
es sentnoes .Q bre sativisy .9 ee¢io (28@L) effewot ,xevewoH 
\ sean tee Geageh se mete 
nidt+ ylevis¢selez event yed? an, 05h ot sidisqeoeve ~~. 


>: 








72 





















bark. Pinus pungens was not rated, but has bark somewhat 
Similar to that of P. rigida, although the outer scales 

are somewhat looser and longer, at times giving it an 
appearance Similar to shagbark hickory. 

Serotiny of the cones adapts Table Mountain pine for 
persistance on “sites with repeated fires’: “It allows the 
population to maintain the maximum possible seed supply 
ayvamanlerae allcecimes) “pire, the -chie£’ factor which 
creates conditions allowing the species to colonize new areas, 
Ge whieh destroys existing stands also releases the stored 
seed: 

Cones may remain closed for many years, perhaps 25 
(Lamb, 1937). Closed cones were collected during this study, 
Wenn three to-six feet of “the ground, '£rom@the trunks o£ 
three trees with 20 to 30’ growth rings at 4.5 feet. Some 
seed from all three cones germinated. However, cones usually 
open much earlier. In dense stands, many cones may remain 
closed 8 to 10 years, but in more open stands usually open 
sooner. 

Serotiny varies among trees in a stand, and among 
different stands. McIntyre (1929), who found a temperature 
of about 90 F necessary to open cones in Pennsylvania, cites 


differences in serotiny depending on aspect, stand density, 











sv 




















eoleoa xetuo sit dquoftie .sbipia «Gg | , 7 

ns ti patvip commis ts .sopsod: jae 

. ysosiosd xxsdpsena oz 

x02 onmkq nisinvom sids? ssqebe sencp 
sit ewolls #i .2enih betseqss ditiw sedkar 
yigque bese sidtaeog mumixem sit cistok | 

foldw xojosi Teindo eft ,etlt seemtdulh 

.259%6 wer esiaoloo og 2eineqe es puiwoiis’ 


bertote eft aseesiox coals ebnste palsakxee eyo 


eS egedtteq ,exrsey yoem xoi Besolo nishex vem 
\vbuce sidt potash begoelfco szew eondo bseciOn {5 
0 etme oft mox3 ,bawoup edt 20 tosi xtie o¢ 
smo@ .soe2 2.8 36 epmts dtwoupe0E ot Of siptw 
yilevey esnoo ,xevewoR dedaniaep essoo essdis IPs 
- smot YSm senoo yriem ,ebnete seneb at .aeilgee a 
coqgo yilsven ebnesa nego exom nt sud jetesy Ober s | 
pucms bas .Snste s ch esext poome selizey yakdoreiay 97 


Ssiuteiogmed cs bapod orw , (@f@L) exytnIoM. .ebeates inex: 


ee 


4) 


atic ,siosvivennsd nt esnes neqo ot yrseee0em 4 ¢ 
Wiens baste .jreqes so paibmegeb yrtdozes ; 
a? © @i 5 jm—_- 


— 


ics 








We 
and shading of cones. Some similar environmental differences 
in serotiny were observed during this study. Regional 
differences suggest variation between stands (and probably 
also some of that within stands) is genetic (Fig. 9). 

Stands in which most cones opened the first and second years 
were concentrated in the northern part of the range, where 
maximum temperatures are presumably no higher than farther 
south. When serotiny shown on Fig. 5 was coded (Group 1 = -3, 
group 2 = -l, group 3 = +l, group 4 = +3) and correlated 

with the same site factors as vegetation (Table 11), it 
showed highly significant correlations with elevation 
(positive) and with latitude (negative). 

One recently-burned stand was sampled (1965 area 10). 
miecones were Open, even though the fire had been light in 
part o£ the area. Regeneration, however, persisted two 
years later only in areas where the canopy trees were killed 
and the undergrowth almost completely killed, especially 
where erosion had exposed mineral soil. This instance 
Suggested that a severe fire is necessary to successfully 
regenerate Table Mountain pine on sites with a well-developed 
Shrub layer. 

Saplings of Pinus pungens may produce cones when 3 
to 6 feet tall. McIntyre (1929) suggests five years as a 


lower age for seed production, and says viability is equal 














ee 


ef 
aeons us2tid facnemnot iene 
Isnokpelt .ybote 2ldd pabapb:d 
yidedoxqg be) abaste neowted noissitev < 






















.(@ .pit) oltseep af (ebasse abe 

etesy Brose brs teria ends -henego acres + ‘ 
sxenw ,opasi sit te 3tsq miedgton end ahr 
taliisa ctedt senpid on yidsesmeexrg 9t6 

f+ = £ quetp) beboo saw é .ptt co aworia yatsozre8 | 
betsfexiop bas (t+ = + quotp .i+ 2 € quote: & 

¢i , (11 efdeT) notgadopsv as szogpat odi8)¢ 
notesvels dtiw enoitslexz0o tusoltingte yf 

. (evisepen) ebustistel eoiw Bae y 

.(0f eons 28CL) befqmee esw Srssa sonaviteenenentanaal 4 
ti teil mead bed exid efs ripwod> neve .aege ei1sw 
ows Bsteiateq tevewor! mottsxneriepet .5816 Sf 
nellit etew eserd yqaones edt s2edw esers ob yino) zeneky 
yiletoegee \beliLd yleselqmoo teomis dswoxpaebay 
sopetent eid? .Lice Isxsnim besogxs Bed) a0 
vilsiaesooue of yxsaeeoem eb orks stevea 6 dads t 


beqoleveb-iiew s dsiw setia no sniq nisdavoM olds esstenspet 
_ seoyet d 


4 


- aSdw aero soubotq yes snepaug gunkd to apaklqs@ey.0” Sp, 
2 86 ersey Svik adeopppe (@6@L) SrytnEoM.~ -istedest Boe 
fsepe ei yititdety ayse bas ,neisouboxq bese 202 Spe 2 wo 


a - a 
ba ee 


a ~ +? ey 


ay 5 
F tee 


«Sh9% 












ner? 
‘ 
z 


© 


» 


een 


a 


2 


= 


a 


——_ 


sons 


ae 2 w 5S 

& Sigase ddOl-nl.yatt619a Sn0d <2 dadpta 

vo-(S)".(.@ ) seey tax (I) pega Si (suay 

Het seo HIT (Dot @)—x55y 
a 


Mites 


a a! iid 





_ Ale 
ig — 
Ni > 








pizR wer (E) 


aia 

a> G 
>A y } 
> : , Pa 


inf 5 


4) ] 


gat 


.o 








74 





Figure 9. Cone serotiny in 1966 Sample aneas: ~Gone. 
usually open (1) first year ( @ ), (2) by third year ( @ ), 
(3) by fifth year ( @ ), (4) fifth year or after (@ bs 
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76 
regardless of tree age. Righter (1939) cites 3 years as the 
age when "flower" production of both sexes began in Ee 
in California. Early reproduction would allow a minimal time 
without reproductive potential for a newly established stand, 
aiding persistence in areas with frequent fires. Seeds from 
a 6-foot sapling from Moore's Knob, Stokes County, North 
Carolina, at 2200 feet, were tested for germinability. Seeds 
from the most recent year (1967) showed good germination, 
Penough none E£rom cones at 3 feet, the crop of 1965, 
germinated under the same conditions. This might be a function 
Seuventtaity Of the tree at the time or some other factor. 


base, although apparently rare in very recent years 


On the areas studied, has probably been more frequent in the 





bast, copecially £rom time of settlement until about thirty 
years ago. During this period, mountain inhabitants burned 
Eomest Lands for a variety of reasons beneficial to themselves 


(Freer, 1950). That fire was also a part of the mountain 





environment before settlement is emphasized by Komarek (1967), 
who ‘Cites instances of recent lightning fires in the 
Appalachian Mountains, frequent enough to provide a basis 

for development of fire-caused community types and species 


dependent on fire for the majority of their reproduction. 





Fire has probably played a larger role in the history of most, 
if not all, of the stands studied, as well as in the 


evolutionary development of Pinus pungens. 
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III. FACTORS DISTINGUISHING TABLE MOUNTAIN PINE 
STANDS FROM OAK STANDS 


Meteorological Observations 


Field sampling done in 1966 was designed to determine 
differences existing between stands in which Table Mountain 
pine was important and contiguous ones where it was absent 
or only incidental. Some meteorological measurements were 
meade Gnimany Of the stands, as: described in an earlier 
Sectiony;eato determine the*magnitude of! differences! existing 


between pine and oak stands. 


Air temperature. Maximum and minimum temperatures 
were recorded at 6 inches and 4-1/2 feet (15.4 and 137 cm) 
above the ground in all stands of a sample area, and 
temperatures in each adjoining pine-oak pair were compared. 
At 4-1/2 feet, the difference (pine - oak) in maximum 
temperature varied from -3 F to +9 F (-1.7 to +5 C). The 


average difference for 77 comparisons was 2.3 F (1.3 C). 


(77) 
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Ay "“t-test” of the differences of paired observations 
(Steel & Torrie, 1960: p. 78) showed the 2.3 F difference 
bor bes datfterent) from) zero: att the’ 1% confidence levele: «It 
only comparisons with at least one temperature exceeding 85 F 
(29.4 C) were used, the difference was 2.9 F (1.6 C). At 6 
inches, the average difference between pine and oak was 3.6 F 
(2 C), also highly significant. When only days above 85 F 
wene considered, the difference was 5.6 F (3.1 ¢C). Differences 
Zangea from —5 to +15 F (=-2.8 to +8.3 C). 

Minimum temperatures at 4-1/2 feet showed no significant 
difference. At 6 inches, differences (pine - oak) varied 
from -7 to +3 F (-3.9 to 1.7 C). The average difference of 
-0.5 F (-0.3 C), indicating pine was colder than oak, was 
Stegntriecant at the 1% level. The generally thinner canopy 
Of pine stands, allowing more radiative cooling of the 
Geouned at night than the oak canopy, could cause this. The 
opposite effect would probably occur when the oaks were 


leafless. 


Vapor pressure deficit. Relative humidity in mid- 


afternoon (1 to 4 p.m.) was measured about 3 feet above the 
ground, for 36 comparisons in 11 sample areas. A given pair 
of measurements was made 5 to 10 minutes apart. Vapor 


pressure deficit (VPD) was calculated for each measurement 
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79 
from Murphy's (n.d.) tables. Differences in VPD varied from 
-.0472 to +.2163 inches of mercury. The average of +.0542 
inches was highly significant. The VPD difference between 
pine and oak stands increases as the absolute value of the 


VPD increases (Fig. 10). 


Soil temperature and moisture. Soil temperatures were 


taken at each soil sample point in most stands. Where it 
had rained recently, the soil was almost isothermal and the 
oury readings taken were under the litter and at 40 cm. A 
Me-cese Of temperature differences under the litter showed 
pine being) 1.3 C warmer. than oak, Significant at the 5% 
vewer.» “Nor Other level had significant differences in tempera= 
ture. There was no difference between the total temperature 
Gzadients ,, from 40 cm to under the litter, of the pine and 
oak stands. 

Soil moisture samples were taken from each stand of 
17 sampling areas. Analysis of the differences between 
paired stands showed oak stands having an average of 1.7% 
more moisture in the portion of the sample 2 mm or smaller 
in diameter, significant at the 5% level. The average 
difference of 1.0% in the total samples was not significant. 

The few short-term readings taken during late 
spring and summer, summarized above, indicate that Table 


Mountain pine stands have higher maximum air temperatures at 
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MAXIMUM VAPOR PRESSURE DEFICIT (in. Hg) 


Figure 10. Vapor pressure deficit difference (pine - oak) 
between pine and oak stands, 1966 sampling areas, in inches 
of mercury, as a function of maximum VPD encountered in each 
Pair of measurements. 
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6 inches and 54 inches above the ground, lower minimum 
temperatures’ at 6 inches, higher vapor pressure deficits and, 
perhaps, ‘lower percent soil moisture. These results might 
pe expected, from ‘the’ restricted’ occurrence of pine’ stands, 
centered on the southwestern aspect, while oak stands were 
compled On ‘every’ exposure. Stand differences cited above 
are similar to aspect differences found by Mowbray (1967) 
and those cited in Geiger (1965), which were discussed 
carver. =~ The soil moisture’ difference demonstrated may “not 
mean much, because of unknown and variable stone content 
and soll "depth, which’ could’ ‘cause much Yarger differences 


in total moisture in the soil than the one demonstrated. 


Topographic, Soil, and Vegetational Factors 





Differences in topography, soils, and vegetation 
between Table Mountain pine and oak stands sampled in 1966 
have been presented (Tables 2, 6, 7, 9, and 10). To 
determine the significance of differences between pine and 
oak stands, a discriminant function analysis was used 


(Williams, 1959: Chapter 10). All Table Mountain pine 





stands were assigned a "value" of +1; all oak stands were 
assigned -1. Regression equations were determined with "value" 


as the dependent variable and various topographic, soil, and | 
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82 
vegetation factors were analyzed separately. Then all 
variables which had F-values tabulated as being significant 
in the separate regressions, or which had simple correlation 
eoct£icients, with, value" which were..highly )significant, 


were used to determine combined regression equations. 





Regressions combining just topographic and soil factors were 
also determined, to see how well these factors would separate 
Oak from pine sites, disregarding the vegetation. Analyses 
using all stands, using only the 22 stands on shale, and 
uSing only the 54 stands not on shale were done. Vegetation 
data were analyzed in two ways, first using only presence 
Sia given species in a given stratum, and then using its 
importance rating. 

Tapes i and 12 List the variables used and indicate 


Which had F-values tabulated as significant in regressions 





Zum on Groups Of factors separately. Correlation coefficients 
with "value" are listed if they were significant at the 5% 
level. All topographic and soil variables were assigned 
values in the terms listed in Tables 2 and 7 except aspect. 
Aspect in the regression analysis was defined as (Aspect in 
degrees - 180). Presence of a species was coded as +l; 
absence was coded as 0. 

Stands on shale show better correlation with soil 


and topographic factors than the non-shale stands. Oak stands 
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fapte i. TSample correlation coefficients (r) and Signi- 
fucance ih multiple regressions of “value” of a stand (pine = 
+1, oak = -1) on site factors. Topographic and soil factors 
mene used in Separate regressions. A “+"in the regression 
ecotumm Gndicates a significant: effect: oftithesfactor. « Correlations 
are shown only if significant at 5% level or better. 
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Table 11 (continued) 











ALL STANDS NON-SHALE SHALE STANDS 
STANDS 
Factor re Regression r Regression r Regression 
Potassium =, 3h -.49 
Nitrate 
Ammonium 
Magnesium -.43 + -.32 -.66 as 
Manganese = + -.69 a 
pH -.46 
% Organic ee + 
% Gravel + 
SUBSOIL 
Waterholding 
Capacity 
Calcium -.27 -.49 + 
Phosphorus 
Potassium -.22 
Nitrate -.28 
Magnesium =. 31 -.63 
Manganese =(20 
pH -.32 = .67 
% Organic Matter a | 





% Gravel 
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88 
occur on sites with higher nutrient levels, since all 
Significant correlations o£ the mineral, concentrations with 
tyatue™ were negative. In the vegetation, a few species 
were significantly different between stand types. Presence 
alone gave somewhat different results than when the 
importance rating was used. 

Species whose presence is correlated with pine 
stands are Pinus rigida and P. virginiana in both over- and 
menaexstory, Quereus ilieifrotia, Gaylussacia “baccata, and 
Tephrosia virginiana. Presence of Carya spp. (over- and 
understory) and Cornus florida are correlated with oak 
Stands. Analysis o£ importance’ ratings indicates a similar 
SeeudeiOn. However, understory P. rigida*is not characteristic 
Of pine and Pteridium aguilinum is. Hamamelis virginiana 
and overstory Q. prinus are correlated with oak stands, but 
Cornus. drops. out.. 

Combined regressions using more than one type of 
factor gave the results in Tables 13, 14 and 15. Only factors 
entering the regression with an F-value greater than 2.0 
were used. 

Factors other than vegetation can account for 83% 
(R2) of the variation in "value" on shale sites, but only 
25% on non-shale sites and 37% on all sites. All shale 


stands, when classified using the regression equation by 
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Stands 


All 
(n=76) 


Non-shale 
(n=54) 


Shale 
(n=22) 








Table 13 


and topographic factors 


haceor 


Aspect 

Magnesium, topsoil 
Manganese, subsoil 
Gravely topsoil 
Latteradepth 

% Organic matter, subsoil 


Aspect 

Potential solar beam 
imradiati on ;,avune 

Magnesium, topsoil 


% organic matter, subsoil 
Magnesium, topsoil 
Manganese, topsoil 
Calcium, topsoil 


F-value 


=) 
328 
35 
293 
57:0 
«00 


NON OY UN WwW 
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4.86 
2.49 
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Results of combined regressions of "value" on soil 


Multiple 
Correlation 
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Table 14 










Results of combined regressions of "value" on soil and 
topographic factors and species presence 


Multiple 
Correlation 
Stands Factor F-value Coefficient (R) 
All % Organic matter, subsoil MAD SWS) 
(n=76) Calcium, topsoil 12.42 
Carya spp., understory 20.88 
Betula lenta, understory 5.0L 
OGuercus ilicifolia 13226 
Vaccinium angustifolium 10.50 
Tephrosia virginiana 26.99 
Non-shale Magnesium, topsoil 5:29 376 
(n=54) Garya Spp., understory 3.20 
Betula lenta, understory LE <97 
Rhododendron catawbiense L215 
Vaccinium angustifolium 2355 
Tephrosia virginiana 28.68 
Carya spp., overstory 25.29 798 
Pinus strobus, overstory ob roe 2) 
Oxydendrum arboreun, 
understory 56.43 
Quercus ilicifolia 124.18 
Nyssa sylvatica 17302 
Castanea dentata PHENO 


Vaccinium angustifolium i208: 
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Table 15 


Factor 


Magnesium, topsoil 
sgravel,) topsoil 

Quercus prinus, overstory 
Betula lenta, understory 
©: tivertolia 

Gaylussacia baccata 
Hamamelis virginiana 
Tephrosia virginiana 


Magnesium, topsoil 
Quercus prinus, overstory 
Betulas lenta;, understory 
Pinus rigida, understory 
@:edd iden folia 


Rhododendron catawbiense 
Kalmia latifolia 


Tephrosia virginiana 


F-value 


8.81 
5.04 
20). 33 
62.05 
PAT | 
D203 
ZO 
192568 


250 
Ow 
1.67, 99 

5.24 

6.49 

9.05 

Swi: 
34.07 


Results of combined regressions of "value" on soil and 
topographic factors and species importance ratings 


Multiple 
Correlation 
Coefficient (R) 
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This regression gave the results shown in Table 
L3 a feresoidp,and) topographic factors alone. 
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substituting the stand values into the equation, had 
computed "values" corresponding to what was expected, 
positive for pine stands, negative for oak stands. 

From Table 13, it appears that the differences best 
separating Table Mountain pine stands from oak stands are 
topographic on non-shale sites and are related to soil 
ehemastry°on’the- shale sites” 

Results with vegetation presence plus soil and 
topographic factors are in Table 14. These regression 
equations accounted for 61%, 61%, and 96%, respectively, 
Of Ene- variation in “value” on all, non=-shale, and shale 
stands. When stands were classified using the regression 
equations, 90%, 87%, and 100% of all, non-shale, and shale 
Stands) sespectively;) were” correct. On Shale’, no’ soil 
factors Entered “the regression equation with vegetation 
presence, although shale stands can also be classified by 
soil factors alone (Table 13). 

Use of importance ratings of species gave the results 
in Table 15. These equations account for more of the 
variation in "value" than use of presence alone, for non- 
shale and for all stands. Sixty-four percent of variation 
in all stands and 72 percent in non-shale stands were 


accounted for. 
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Species which are in a small number of stands are 
most useful in separating pine from oak stands by presence. 
When importance ratings are used, common species Such as 
Quercus prinus and Pinus rigida are more important, and some 


less common ones such as Carya spp. and Vaccinium angustifolium 


Grom Out.of the equations. 

Texture of the soil was,analyzed £or .32 stands from 
eucample areas. Percents of sand, silt, .clay and total 
colloids in sub- and topsoils were included, as _ independent 
wartaoLes with other .soil factors, in a regression.with 
imstuc.” ~None of the textural, factors were. significantly 
correlated with "value", although clay in the subsoil was 
in the regression equation, which had a multiple correlation 
coefficient of .63, along with subsoil organic matter and 
topsoil magnesium. Clay was positively correlated with 
"value", indicating more clay in pine stand subsoils than 
under oak stands. 

Significance levels are not given for the F-values 
listed in Tables 13-15. The procedure determining the 
factors used in the combined regression equations (i.e. 
using regressions of one type of factor to choose which 
factors of that type to use, and the rejection of all 
factors with F-values less than 2.0 in the combined equations) 


does not allow precise statements regarding the significance 
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Of the factors in the equation. Reduction of residual 

sum of squares by a factor may vary depending on what other 
eerors are in’ the model with it. Only one of a group of 
intercorrelated factors may appear in the regression equation 
even though all are significantly correlated with "value." 
Seme’ factors may appear because of their correlation with 
several other factors. The combined regression equations 
are the ones giving the lowest residual sums of squares 
possible and are the best obtainable with the method used 
for classifying stands for presence or absence of Pinus 
pungens, but no exact statement of the significance of the 
contribution of any variable can be made (M. O. Braaten; 


personal communication). 
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IV. "PERMANENCE" OF TABLE MOUNTAIN PINE STANDS 


Observation of Table Mountain pine stands shows 
large differences in the time the stand has apparently 
existed and the time it might be expected to last. The 
stand age structure, the amount of pine reproduction and 
the type of understory vegetation all give clues to what 
Wau be vcalled=thes"permanence” of the stand. Some stands 
are obviously successional, with one size class of pines, 
no pine reproduction and a very dense understory of shrubs 
and more mesic trees. Others have many size classes and 
essentially no understory, and it appears they will persist 
fon7a Vong*time, eveniwithout repeated disturbance. 

Knowing what factors are associated with "permanence” 
would further define the conditions to which Pinus pungens 
has adapted. These may be the major conditions under 
Which it will occur at some future time, given no increase in 


fire and rate of land abandonment. 
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Identification of factors correlated with "permanence" 





proceeded as did identification of those associated with 
pine stands, using discriminant function analysis by 
regression techniques. First, however, "permanence" had to 
be operationally defined and stands had to be grouped by 
Pacer) “permanence.” 

The stand age structure estimated by the increment 
cores taken from 10 Table Mountain pines in each was used to 
determine "permanence." (An effort had been made to obtain 
Ehnenage,O£,at least, one individual of.all.»size classes 
present). The number of ten-year age classes represented by 
Ehen LO, trees was ,used.as,oney criterion, for, determining 
Peemmanence .UssAnsecond criterion, called “dispersion”, 
was related to evidence of present and past reproduction by 
Ehenstand., Thesrange, of-age.classes,.was,divided,into 
quarters (0-30 years, 31-60 years, 61-90 years and greater 
than 90 years). "Dispersion" values were assigned as follows: 
5.=,Ages in all.four quarters. 


4 = Ages in 3 quarters, including the first. 


3 = Ages in 2 quarters, including the first, 
Gr in 3 Quarters not including the £irst, 
with Pinus pungens seedling importance 
rating greater than 2. 


2 = Ages in 3 quarters not including the 
first, with seedling importance rating 
equal to or less than 2. 


1 = Ages in 2 quarters not including the 
ELtrsot, Of ih Ones quarter’: 
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Stands were plotted on a two-dimensional scatter 


























diagram and divided into three groups of about equal size 
(Fig. 11). Eleven stands with many age groups and showing 
signs of repeated reproduction, were denoted "permanent." 
Beurteen, with few age classes*and little sign of reproduction, 
were denoted "temporary." The remaining 15 were considered 
windeterminate” and reclassified as*outlined below. The 

40 groups of trees classified included those from 38 stands 
plus xtra groups of 10 trees each from both,stands in 
bamiple area C. “Both groups from a given stand atc were 
Classified yalikera yPositiven Of some stands observed to be 
elearly successional guided placement of lines diwiding the 
stands into groups. 

The eriteria used to divide stands could include as 
permanent a stand in which many minor fires caused repeated 
reproduction.wiLthout..killing. the..older..trees,.or. could 
exclude a permanent stand which recently had been almost 
destroyed by fire, thus having few age classes. These 
conditions could not be detected in any case, and it is 
felt that this method objectively separates stands in 

terms of their age structure, even though division into 
"permanent" and "temporary" may be somewhat subjective. 
Some evidence for a meaningful division may be examined by 


plotting tree height against age for the classified stands. 
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Permanent 
e3 


Indeterminate 


@ 2 


Bp 


Temporary 


"DISPERSION" VALUE 





2 3 4 9) 6 7 
NO. TEN-YEAR AGE CLASSES PRESENT 


Figure 1l. Scatter diagram used to separate stands into 
"permanence" groupings. "Dispersion" values are defined on 
p. 96. Numbers refer to the nmmber of stands a given point 
represents, if greater than l. 
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The line for, “temporary” stands: has a steeper slope than 

that for "permanent" stands, while values from "indeterminate" 
stands overlap the variation in both temporary and permanent 
Stonds. oThis indacates a definite difference in»sconditions 

in these different types of stand. 

Then findetermanate’ standspwerendividedsintoi two 
Groupsnonathe basisnofEnassociated vegetation: Fromea 
pectiminary analysis of species presence, species more 
Gharacteristie of oak stands: than of pine stands: were: listed. 
Thaselist =wasfsimilar to Table 12, but included some less 
common species not used in the discriminant function analysis. 
Stands were divided into two groups, six "indeterminate, 
permanent” and nine “indeterminate, temporary" stands, based 
Gnethesnumber ofespecies characteristic of oak stands: which 
were present. 

"Permanence" values (referred to as "perm") were 


assigned as follows: 


Permanent stands +3 

Indeterminate stands 
Permanent +1 
Temporary =1 


Temporary stands -3 
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Discriminant function analyses equivalent to those 

























with "value" (see previous section) were done to relate 
iperm co’ the factors. considered. The same’ factors’, plus 
six new ones, were used. Ratings for squirrel damage, 
ansect Gamage to cones, and serotiny; the total stand basal 
apnea; and the basal area of Pinus pungens expressed in £t2/ 
gene andes a percent, of the) ‘total, were included’ as “biotic 
Zactors ./" 

PoabwessG6tiand 75 Isis only’ the factors’ entering the 
regressions of separate groups of factors or having 

Sigmar Cant. Correlation coefficients with "perm." No 
heg@ressaon) resultsvare available for soil factors on shale 
Stands due to lamated stand number, so only those soil 
factors. Correllated* with “perm” were used’ in the combined 
regression. 

Few correlations with “perm” are significant. 
Permanent shale stands can be said to occur on aspects 
closer to south than temporary ones, and to have shallower 
litter and less water-holding capacity in the topsoil of 
less than 2 mm diameter. Non-shale stands are more likely 
to be permanent on areas with much rock outcrop and with 
lower topsoil magnesium. They have less basal area of all 
species and of Pinus pungens. Several soil properties 


without significant correlation coefficients also entered 
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the non-shale regressions. 

Few species were characteristic of "permanent" or 
"temporary" stands. The correlation of presence and importance 
rating of Castanea dentata with temporary stands may indicate 
Efat Pinus pungens’ £1TYed™ part” of =the open=niche Left=by"the 
ess Of tEree—-size chestnuts. 

Resulis Of pooled regressions of “perm” with the 
Vertous Factors are in Tables 186-20. Division into shale 
and non-shale groups of stands resulted in equations 
aeecounting for moretvariation than the equations for all 
Stands. Differences probably do exist between the relation- 
Saipe,oL Pinus pungens to these two types of sites. 

Using vegetation presence, permanent stands on non- 

Shale sites were separated from temporary ones as having less 
total basal area and less Castanea and Vaccinium angustifolium. 
Betula lenta and Rhododendron were slightly more important 

On Ehe more temporary sites and Kalmia on the more permanent | 
Shesewethe relationships o£ organic matter and pH to 

permanence, however, were unclear, as both had low correlation 
Cecitiecrents with “perm.” Using importance ratings, permanent | 
Stands had less Pinus strobus in the overstory, and less 

Nyssa and Castanea. The relationships of Galax, Amelanchier, 


and Oxydendrum to permanence were unclear. Their appearance | 
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Table 16. Simple correlation coefficients (r) and 
pienm@ereance intmulttple regressions of "perm" (defined on p. 96) 
Saecepegraphic, "soil and biotic factors. Groups of factors were 
mim Ha Separate "regressions. A “+” in the regression column 
MigdeGates a SAghatkicant effect of the factor. Correlations are 
Enewm Only if Significant at 5% level or better. Only factors 
wieiecrom ticantk, Correlations or effect in regression are listed. 


ALL STANDS NON-SHALE SHALE STANDS 
STANDS 
Factor r uRegression r Regression xr Regression | 
TOPOGRAPHIC 
Aspect -.61 a / 
} 
TOPSOIL 
Piteer Depth -.47 + -.80 
% Rock Outcrop $53 -46 + 
Waterholding 
Capacity -.61 
Calcium at 
Magnesium -.44 + 
Nitrate + 
pH + 
% Organic Matter + 
SUBSOIL 
Calcium a 
Nitrate + 
"BIOTIC FACTORS" 
Squirrel Damage 
Total Basal Area -.43 + oes 


Basal Area of 


Pinus pungens 
(f£t2/acre) ae) 
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Table 18 













Results o£ combined regressions o£ “perm” on’ soil, 
topographic and biotic factors 


Waterholding capacity, topsoil 5.07 


Multiple 
Correlation 
Stands Factor F-value Coefficient 
All Totaly basalp,~axnea 7.08 09 
(n=38) Litter depth 14.17 
Calcium, subsoil 6.21 
Nitrate, subsoil 6.02 
Non-shale % organic matter, topsoil 8.49 . 84 
(n=27) Nitrate, topsoil 6. 9d. 
Magnesium, topsoil 18.49 
PH,» topsoil boon 
% rock outcrop 6.40 
Squirrel damage 3.36 
Shale Litter depth 14.81 .88 
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Stands 


All 
(n=38) 


Non-shale 
(n=27) 


Results o£ combined regressions of 
topographic and biotic factors and species presence 


Table 19 


Factor 


Total basal area 

iieecer depth 

Nitrate, subsoil 
Magnesium, topsoil 
Castanea dentata 
Vaccinium angustifolium 


Total basal area 
mMoioOLrgense Marrer,. topsoil 
Becula Venta, Overstory 
Castanea dentata 
Rhododendron catawbiense 
Kalmia latifolia 
Vaccinium angustifolium 


freer GCepth 

Waterholding capacity, topsoil 
Quercus alba, understory 
Oxydendrum arboreum, understory 
Cornus florida 
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‘perm on soil, 


Multiple 
Correlation 
Coefficient 


.80 
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able 20 


ResulTes of combined regression of "perm" on soil, 
topographic and biotic factors, and species 
importance ratings 





Mulerple 
Correlation 

Stands Hactor F-va lwe="Goeeriicient 
All Total basal area 12.47 . 86 
(n=38) bicter Gepth 4.98 

Magnesium, topsoil dese A 

Pinus virginiana, overstory 6.88 

@uercus prinus, understory 31.64 

Tephrosia virginiana 14.17 
Non-shale Total basal area 3.32 297, 
(n=27) % Organic matter, topsoil 5765 

pH, topsoil 5.94 

Pinus strobus, overstory Ss 5} 

Oxydendrum arboreum, overstory 25,00 

Amelanchier spp. 22249 

Nyssa sylvatica 33.86 

Castanea dentata 74.47 

Rhododendron catawbiense 106.48 

Galax aphylla la iS) 
Shale Latter Gepeh 20. 90 oo 
(n=11) Waterholding capacity, topsoil Fale Ou: 

Quercus prinus, overstory Too 

@. Cocecined, Overstory 34.50 

Cornus tlorida 26.74 
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in the equation was probably related to correlation with the 
variation remaining after the data were adjusted for other 
factors already in the equation. 

On shale sites, litter depth and waterholding capacity 
Seene topsoil were both higher in temporary stands. Quercus 
alba and Oxydendrum arboreum were somewhat more important in 
umderStories of the more temporary stands, although neither 
Was present in many stands. The importance of Cornus, 
present in only two shale stands, was minimal. When 
importance ratings were used, Q. prinus was somewhat more 
important in Overstories o£ temporary stands, and Q. coccinea 
ah permanent ones. Cornus was again in the equation. 

The combined regression equations involved several 
variables whose real importance was questionable. However, 
Considerable information can still be gained from those 
Sagniticantly correlated with "perm” and some which have 
HOn=—significant correlations that are still indicative of 
tieir relationship with "perm." 

Although many of the factors separating permanent 
from temporary Table Mountain pine stands were the same 
ones which separated oak from pine, others were different. 

Reclassifying stands using the equations from the 
combined regression analyses gave the results in Table 2l. 


Only half the shale stands were correctly classified without 
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using vegetation parameters, but both equations using 
vegetation factors correctly classified all stands. On non- 
Share stands, use’ of soils alone resulted in misclassi£ication 
of 12 stands; with vegetation presence, seven stands were 
misclassified, and vegetation importance ratings misclassified 
enly three of the 27 stands. Only the all-stand equation 
without vegetation Eactors misclassified a stand by more 


than one permanence class. 
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Table 21 





Comparison of original "perm" values with those calculated 
from combined regression equations. Number of stands 
nsngiven anabodypotstabile 


All Stands Non-shale Stands Shale Stands 


fool. Eopegraphic and biotic factors 


Origznal’: tperm” 
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V. MORPHOLOGICAL CHARACTERISTICS IN NATURAL 
PINUS PUNGENS 


Variation Patterns in Cone, Seed, and 
Needle ,Charactenist ics 
Specimens of cones and needles were measured to see 


if any pattern of morphological variation could be detected 


in Pinus pungens. 


Needle nwcharacheristics.. Three,neediles, from each, of 
Ene, three threes were, measured, for 27 of the..29 areas sampled 
ine t965..) All, needle. samples were taken from, the base, of 
the present year's foliage, from the most vigorous branch 
Getlected, and about 10 fascicles per tree were preserved 
in FAA. Three fascicles were chosen randomly and one 
needle of each measured. Length, width, and thickness at 
the center of the needle, number and position of resin ducts 
in a central cross-section, and number of cells between the 
vascular bundles were recorded. Analysis of variance was 


used to determine the significance of variation between 


sample areas and between trees within areas. Regression 
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analysis was used to determine the relationship of each 
eharacter  tomtree characteristics, such as height, diameter, 
age, and rate of basal area and height growth (total 
dimension/number of growth rings). 

Variation in all needle characteristics was highly 
Significant between trees within sample areas. Length, 
width, thickness, length:width index (L/W), number of cells 
between the vascular bundles ("cells"), and percent and 
number of resin ducts in an internal position (Harlow, 1931) 
varied significantly between sample areas. (Length and 
Widen werermeasuredsin different units, andthe values were 
divaided torugive the index, “which “has units of mm/ O01 +n .) 
Several soLrthese ‘characteristics also varied significantly 
WiEh Ereetheight, "suggesting an effect of sampling different 
crown positions depending on tree height. Length, L/W, and 
total resin canals Showed no significant effect of height, 
however. 

Length, width, L/W, percent internal resin canals, 
and "cells" were analyzed to see if differences between 
Outlier, Blue Ridge, and Valley-and-Ridge regions were 
Significant. L/W, width, and length were tested for 
differences between 5 regions: outliers (3 sample areas), 
Blue Ridge (8), and west of the Blue Ridge (4) south of 37 N 


latitude; and Blue Ridge (3) and west of the Blue Ridge (8) 
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north of latitude 37 N. L/W and width were tested for north- 
south differences, also. When analyzed using tree means as 
basic data, the L/W difference between north and south was 

the only regional difference which was statistically significant. 
L/W just lacked significance in the 5 region comparison. To 
illustrate the pattern, average L/W for each region is plotted 
Saeeig. £2, with positions o£ sample areas in each region. 

The northern outlier was not included in the 5-region analysis. 
imemappeans that the needles in the south are relatively more 
etender than those in the north. A similar but nonsignificant 
Eeena ©ceurs from Cast to west. This is similar to the trend 
toward longer, Narrower needles at lower elevations, in 

imland sources o£ Pinus contorta (Critchfield, 1957). 

Muleaple Legressions indicated that length, width, 
Envekness, and “cells” all were higher in trees with faster 
average growth rates in basal area or height (probably the 
younger trees). Number of resin canals showed the opposite 
Pattern. 

Regression of "cells" and length on site characteristics 
showed no statistically detectable changes with elevation, 
aspect, latitude, soil texture or a latitude-elevation variable 
(COREL = latitude in degrees + 1/100 elevation in meters) which 


Wiersma (1963) found correlated well with variation in pine 


and spruce. L/W varied only with longitude (see Fig. 12). 
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Figure 12. Average needle length:width index + 1 standard 
deviation, for 5 regions, 1965 samples. The north-souvucn 
adiiterence ws highly Signitseant. 
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Average needle characters from 1965 samples are 
shown in Table 22A. "Basal" resin canals include those in 
Ene corners .o£f the needle and all.others ,along,the flat side 
Beeene needle. Needle characters are generally similar to 
ranges cited by Harlow (1931), although maximum resin canal 
number of 10.7 (tree average) was considerably above the 
Mpeecrwlinit Lr 7 he cited. All needles had at least two 
mesin canals, and very few had only the corner ones present. 
ume emecale had an external resin canal, a condition not found 
by Harlow. 

Several references, including Harlow (1931), say that 
Preus pungens has, rarely or in undefined quantities, three 
Meeares per fascicle, as well as two. In this study no 
Syoeematic GCLEOrE was made to determine their presence, but 
only two three—-needled fascictes were seen on the 500 or so 
eeces Sampled. These were from 4700 feet in the Unaka 
Mountains and from about 4600 feet at area P. Their presence 
in these cooler, moister environments corresponds to 
Haller's (1965) results, correlating increased needle number 
of Pinus ponderosa with moister years and habitats. One | 
three-needled fascicle was found on a greenhouse-grown seedling. 

Cone characteristics. Large variation in cone size, 
shape and armament occurred both between and within sample 


areas. The variation is illustrated in Figure 13. 
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Table 22 









Average needle characters, 1965 samples, and cone 
characters, all collections. Tree means for 
needle characters are the averages of 
measurements from 3 needles 








Character Units n Mean Standard Range 


Deviation 

A Needle 
Length mm 243 67.8 24.0 33-103 
Width SOOM rash. 243 68.7 Se 2 50-95 
Thickness O01 in: 243 36.7 6 1 27-48 
L/w* mn/ O01 in.” 8il Io .34 462—1 255 
Width/thickness* rao Ke Sl a Sh7/ .18 I 367-212 
MotaL Resin Canals* nor. Sih 5.7, Shas) 20 =110.27 
Internal Resin Canals* % Si Leek 32,20 0.0-55.6 
Basal Resin Canals* % Sil 5 02.0 ogee} 26.2-100 

Cone 
Length** mm 686 7E.9 d be BE) 42-103 
Width** mm 686, 53'.77 6.6 33-75 
L/w** ratio 686 1.34 a2 .98-1.76 
Volume m1 Sl 63-6 20.3 26.7-134.0 


* tree averages 
** data include 1966 samples also 
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FIGURE 13 


Variation in Cone Size, Shape, and Armament 





B € D E EF 


a) General variation: A and B. From neighboring 
@mecestat area 25, central Pennsylvania: C. Area 29, 
southern Blue Ridge Escarpment, North Carolina: D. From 
S050" feet near Green Bank, West Virginia: E. Area 9, 
Saemera! Nerth Carolina Blue Ridge; F. Area 12, central 
Wesgrira Blue Ridge, 3640' feet (see Fig. 1, 16). The terminal 
scales have not developed. G. Near Newark, Delaware, at 150 
feet elevation. 


DUKE 





b) Local variation: H-L from east slope of Shenandoah 
Mountain, Rockingham County, Virginia, from elevation of 
He S740 feet) TF and Js 3350 feet at area 14, K and BL: 
| 2500 feet. M and N from southern Blue Ridge Escarpment: 
M at 2800 feet at area 29, N from 4250 feet at area 28. 
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Bength and width of closed cones collected in 1965 
and 1966 were measured. Total length was defined as the 
distance between parallel planes, at right angles to the 
axis of the cone, which just touched both ends of the cone. 
Width was the distance between the planes when the plane of 
symmetry of the cone was parallel to the two planes. These 
measurements include the spines, and differences in spine 
weathering with age may affect results slightly. However, 
the most recent cones available were used, and this error 
Sneuled, not) change: conclusions, presented here.» Cone length, 
width and length-width ratio (LWR) also include a factor 
dependent on the size and orientation of the protruding umbo 
end apophysis-(("spine”)) characteristic.of the species. 

Some cones had large spines which, from the base to the 
middle of the cone, were reflexed, adding little to width. 
Width of other cones, with spines at right angles to the 
cone axis, was considerably increased. 

On 1965 cone samples, a "symmetry index" was also 
determined. Distance from the apex of the cone to the 
center of the attachment point of the peduncle was 
measured on both sides, in the plane of symmetry of the 
cone. A string was stretched as tightly as possible between 
the end points and then distance measured on the string. 


The larger distance was divided by the smaller to give 
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the" index. 

Volumes of 81 open cones collected in 1965 were 
determined, by water displacement (Critchfield, 1957). 
Phyllotaxy of the cone was used to estimate the scale number 
of several hundred cones collected in 1965. By identifying 
a secondary ‘Spiral,’ the 1-14-27 parastichie, and counting 
the number of scales on it, one can estimate the cone scale 
number, Since the number of such spirals is constant on 
cones with a given phyllotaxy (Duffield, 1951; Forde, 1964a). 
The direction of this spiral was determined and number of 
Scales “on “1t “counted. 

Cone length, width, and LWR were analyzed using 
muLerple regression techniques. Each cone of 581 was 
treated as an individual observation, having all attributes 
Geeene Site ‘and’ -tree“Eromiwhich “it “Game, and analysis “run 
On, Cone Characters ‘against elevation, latitude, ‘and “a rcombined 
index of latitude and elevation (COREL), and tree diameter 
and height, and age. Elevation, COREL, and latitude all 
Significantly reduce variation in length, width, and LWR. 
Elevation and COREL do about an equally good job when used 
alone. When site and tree characters are used together, 
regression of length is significantly affected by functions 
Of elevation, latitude, tree age and diameter. Width and 


LWR are also affected significantly (5% level) by tree height. 
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From Simple correlation coefficients, it appears that cone 
length, width and LWR decrease with elevation and COREL, 
but inerease with latitude. The effects of tree measurements 
pee hard tO interpret, Since tree size is correlated with 
Siecwtactors. The effect of ellevation, which accounts, for 
more variation than COREL and latitude, is shown for length, 
width and LWR in Fig. 14. Only sample areas from which over 
5 cones were measured are plotted. It should be recalled 
that elevation and latitude of sample areas are correlated 
(xr = -.7) with no high elevation samples from the north and 
few low elevation samples from the south. 

Cones £Erom high elevations were usually smaller 
iwalt Gimensions than the lower elevation cones. However, 
an extremely low LWR (one cone LWR = .98) in area 12 was 
Partdy due to poor development of apical scales of the cone. 

The symmetry index, measured on only 1965 samples, 
varied £rom 1.00 to 1.67 on individual cones, and area 
averages varied from 1.20 to 1.36 for areas from which 5 or 
more cones were measured. No general trends with latitude 
or elevation are evident among these 17 areas. 

Cone volumes varied widely, but the range of variation, 
from 27 to 134 ml, was found within area 25. No geographic 
pattern was noticed from the small number used, except that 


highest elevations tended to have small volumes. 
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Figure 14. Variation of cone a) length:width ratio, 
b) width, and c) length, with elevation. Mean + 1 standard 
deviation is plotted for all sample areas for which more tian 
5 cones were measured. 
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Number of scales counted on the secondary spiral 
wozved £rom S to 17 on 7/57 cones, averaging 12.0. “When 


sample area means were averaged, Pennsylvania (4 areas) 





averaged 11.0, between North Carolina and Pennsylvania (13 
areas) averaged 12.0, and from North Carolina south (13 
areas) averaged 12.2. The Pennsylvania mean differed at the 
5% level from the other 2 regions, when intra-area variation 
was disregarded. It appears that, in the north, cones 
may have Slightly fewer scales. Both directions of spiral 
eee common On cones. Fifty-five percent of the cones are 
what was defined as "left-handed." Individual sample areas 
mavene2o tO Oc percent “lett—handed” cones, but direction 
appears £O vary more on a tree—-to-tree basis than £rom area 
Benatcea. NO Statistical tests were done. 

Table Mountain pine cones are commonly described as 


sessile (e.g. Hough, 1924). However, the young ovulate 





strobili and yearling cones have a peduncle about a centimeter 
long (Sargent, 1897) which usually can still be seen when the 
cones first mature. This is obscured as the branch diameter 
increases, causing cones of past years to appear sessile. 


Average and extreme values for some cone characteristics 


are shown in Table 22B. 
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seed characteristics. Seeds of Pinus pungens vary 
























widely in color, shape, size, and seed-coat texture. Most 
seeds are roughly triangular and mottled dark-brown or dark- 
gray to almost black. However, some trees have seeds which 
are light tan or light with dark mottlings. The seed coat 
may be smooth or have 1 to 3 longitudinal ridges. Some have 
wabt—-lLike structures, sometimes associated with the dark 
morclang. in extreme cases, most o£ the seed coat is 

Govered by this outer layer. 

seeds collected in 1965 were sampled, two 20-seed 
iOnS LrOm cach tree weighed in bulk, and were scored for color, 
roughness (amount of warty structure on the seed coat), and 
tidges, comparing them with a set of "standards" chosen to 
Bepmresent Cach leyel of each condition. Seed color was 

mocea 1 to 5 for tan, light brown, dark brown, dark gray, and 
Weny Gdark Gray. Roughness and ridges were rated by the 
pmeunt Of the character present, from 1 to 5, and from 1 to 4. 
Some lots of seed collected in 1966 were weighed, with four 
Z5—seeq lots from Gach tree. 

Forty-two of 70 seed lots rated for color were very 
dark gray (class 5). Sixteen, eight, three and one lot, 
respectively, were in classes 4, 3, 2, and 1. Class 1, tan, 


was found at area 14, where classes 3 and 5 were also present. 
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No overall geographic or elevational pattern in seed color 
was evident. 

Roughness also showed no particular pattern. Groups 
1 and 4, and 2 and 5, were present at the same sample areas. 
forty Of 7O Lots were rated 3, 17 rated 2, 9 rated 4, and 2 
€ach rated smooth and very rough. 

Houreceen Of 70 seed lots had no ridges, 25 had one, 
80 had two, and one had three ridges. Seed lots from south 
of Virginia had somewhat fewer, on the average, than those 
northward, but any statistical difference is unlikely. 

Tree averages Of weight per seed varied Erom 7.8 to 
20.4 mg. The average seed weight from the 13 sample areas 
for which seed from three or more trees was weighed was 13.8 
moe me. Seed weight appears to be related to elevation 
(Fig. 15). The heaviest seed was from area 3, a roadside 
crane where the young pines were exposed on one side and 
mese Extremely vigorous. The relationship is better for the 
more natural stands. Seed size variation parallels cone size, 
as found for Pinus radiata (Forde, 1964a) and P. sylvestris 
(Ruby, 1967). The latter species had largest seeds and cones 
in drier areas, analogous to the elevational gradient found 
im Ps. pungens . 

seed of Pinus pungens is larger than that of P. rigida 


and P. virginiana, averaging 36,000 to a pound (range 29,000 
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Figure 15. Mean seed weight for areas for which seed fea 
2 or more trees was weighed, + 1 standard deviation, “asa 
function of elevation. Number of trees in each mean shown 
beside the mean- 
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to 41,000), compared to 62,000 (36,000 to 83,000) for 
Beeeigida and 53,000. (40/000 to.75;,000) for P. virginiana 

(U. S. Dep. Agr., 1948). Weights of experimental seed lots 
showed a similar difference. P. pungens seeds from area 4 

and Smith Mountain averaged 13.8 mg. each (10 trees), while 

P. rigida averaged 10.2 (4 trees) and P. virginiana averaged 
9.3 (3 trees). These figures are equivalent to 32,900, 44,500 
and 49,300 seeds per pound. The difference between P. pungens 
and the other species, significant at area 4, was much 

greater at Smith Mountain. 

Some cof kthis (seed-weight difference could besin ‘a 
taiseker seed ‘coat wacTwo 10=seed lots .of each species »from 
area 4 and Smith Mountain were weighed in bulk, their seed 
coats removed, and weighed again. The female gametophyte 
mcd eibryo accounted £or 56.3 + 3.5 percent of seed weight 
ier Laws pungens. net. bebelak inePacwinginiiana and 60.8 + 1.7 
mee. Ligida. The weight without seed coat was larger for 
Table Mountain pine (76 + 5 mg per 10 seeds) than for 
Vargania pine (56 + 1 mg.) or pitch pine (63 + 6 mg.), so 
some of the seed-size difference is in embryo and food- 
storage tissue. Large seeds might have adaptive value in 
Griem regions, as proposed for P. sylvestris by Ruby (1967) . 


This would allow P. pungens some advantage in establishing 


its seedlings quickly. The other species from these sites 
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have seeds considerably larger than the average size cited 
above (U. S. Dep. Agr., 1948), also. 

Seed measurements made on 10 seeds each from six 
trees of) Pinus pungens agree with seed length of about 1/4 
inch quoted by Sargent (1897). They averaged about .14 to 
~—Sernches wider 

Seed wings vary in size and color, similarly to the 
description for P. radiata (Forde, 1964a). Color may range 
from transluscent light-tan to dark, opaque brown. Most are 
intermediate, with varying proportions of dark longitudinal 


Staeepesaandadarkiborders;, nespecialily atethesend distalcto the 


seed. No effort was made to determine how wing characteristics 


varyewathwsitenlocation and* characteristics’: 


Other Species Characteristics 


Tree size and form. Pinus pungens typically has 
eng, thick Lambs, covering much of the trunk. On some 
steep rocky areas these may extend laterally along the 
ground a distance greater than the height of the tree. It 
is a poor natural pruner. Even in closed stands, where its 
branches are relatively smaller and more limited to the 


Upper trunk, it retains branch stubs for a long time. During 
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1966 sampling, estimates were made of the length of the live 
crown and of the length of the bole without branch stubs 
(tetear Length”), \asea percent ofetreecheight. «Average live 
crown percentage for the 10 trees of each subsample Table 
Mountain pine stand varied from 38 to 85, averaging 62 percent 
everaiit, «Clears length varied» from: 0. to'52» percent, averaging 


I~epercent.s °The smallest average live crown, 38 percent, was 





i the Oldegtteideat area C2 \Théesertrees,.whichraveraged,79 
growth rings at 4 1/2 feet and 66 feet tall, had a clear 
lengths of. 28s percent. ~The more. opens shale) slope stand, at 
aeecoe Ceaveraged 106 growth rings, 48 feet tall, 59 percent 
Pave Crowne and u29e percents clear .c \Greatest” clears Length; 48 
percent; was. inv area’ Bz which averaged 102 growths rings’ | In 
only 7 stands was more than 20 percent of the average trunk 
elcareand ald) theseiaveraged over 6528 qrowtht ringscut Much; of 
te production of ithisi ispecies: appears’ to. go into» branches. 
mies persistence of Hive branches and branch stubs causes 
problems in harvesting, causes “invariably knotty" wood 


(Grimm, 1950), and provides a pathway for penetration of fungi 





iieOorthertrunk na linsreducimg the! commercialowalues o£) the 
Speeres. Cleanywood) as produced: only after: several» decades 
of growth. 


Trees of this species often have very crooked, 


irregular trunks. A characteristic form in older stands 
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has large branches mostly on the downhill side of the crown, 
apparently caused by shading from the downhill side of the 
Eree Or from the trees upslope (see Frontispiece). The 
weight of these large branches causes the tree to lean 
considerably, resulting in production of much compression 
wood and a trunk cross-section elongated in the direction 
the slope faces. 

Older trees! tend to be f£lat—topped. Form on young 
trees can be from that of a large bush when open-grown (see 
Fig. 16) to slender with relatively small limbs, when ina 
dense stand. 

moere Ihave been Several claims of “largest” trees 
published (Tllick, 1928: Coker & Totten, 1945; Dixon, 1961; 
Stupka, 1964). The largest measured diameter, cited by Coker 


& Totten (1945) for a tree 61 feet (18.6 m) tall, cut near 


Highlands, North Carolina, is 2 feet, 10-1/3 inches (94.4 cm). 


However, Pinchot & Ashe (1897) cite 3-1/2 feet as an upper 
diameter limit for the species. During this study, trees 
over 15 inches in diameter were found occasionally. The 
largest DBH found was 23 inches (58.4 cm), on a 39-foot tree 
along the Skyline Drive near area F. A 62 foot tree, 22.7 
inches in diameter, and a 71 foot tree, 21.9 inches, grow in 


Hanging Rock State Park, North Carolina. A 23 inch tree at 








Mont Alto, Pennsylvania, apparently holds the published height 
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Figure 16. A Table Mountain pine, at 3640 feet on the 
Blue Ridge, Shenandoah National Park, Virginia, 
development of open-grown form. The "tree” as about 23ers. 
tall, 8.4 inches diameter 2 feet above the ground) vandaag 
22 growth rings at 2 feet. A closeup of a branch Ys 20 82o, 


showing extreme 
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Feecord “of 73iefeete(222.2-m) “(Tblick,; 1928)2 “The tallest tree 
found in this study was about 95 feet (29 m), and 19.5 inches 
Deen, at area N. The Old field at area C had two trees over 
85 feet, and five of twenty were over 70 feet tall. 

A maximum age Of 250 years (Deen, 1937) appears 
measOhnable for the species. Heart rot prevented age 
determinations for many large trees. Two trees, near area 28 


in a stand dominated by Tsuga canadensis, which were about 15 





and 18.9 inches DBH, had 227 and 205 growth rings, respectively. 
Bew Other Sampled trees approached 200 rings. 

Table Mountain pane wood is said to be light, brittle, 
weak, coarse-grained, soft and knotty (Sargent, 1897; Hough, 
1924; Dallimore & Jackson, 1954; and others). Specific 
Gravities of .44 to .59 are cited (Lamb, 1937; Sargent, 1897; 


Deen, 1937). 


Covytedon number. The number of cotyledons for Pinus 
pungens is given as six to eight (Loudon, 1844), usually six 
(Sargent, 1897). In experiment D (see Chapter VIII), the 
cotyledon number of all sources was counted for both 1966 
and 1967 plantings. Pinus pungens had between four and eight 
(one seedling with nine cotyledons was found from area 10, | 


in a smaller planting). Means for progeny from single trees 





(based on 42 to 78 seedlings) varied from 5.2 to 6.4. The 
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means for the three trees from area 4 were 5.5, 6.3 and 5.3, 


showing almost the total variation found. 


Other Characteristics. One of the striking features 
of Pinus pungens is the reddish-purple coloration of the 
mature microsporangiate strobili. The pollen is also of 
note, being the largest among the eastern North American pines 
(Whitehead, 1964). 

DescEIpeion GL Other morphological features may be 
found in many dendrological books, such as Sargent (1897), 


Lamb (1937) and others cited earlier in this section. 


Evidence of Hybridization 


A few sampled trees had. some characters intermediate 
between Pinus pungens and P. rigida. However, most of these 
head only intermediate cone characters. One exceptional tree, 
on Pisgah Ridge in Henderson County, North Carolina, had 
meedle characteristics o£ Pinus pungens, but the one cone 
sampled was intermediate in size and development of the 
apophysis and umbo. This tree had a dense group of short, 
small diameter branches about 15 feet up, which appeared to 


have originated as sprouts on the trunk, characteristic of 


P. rigida. Others, at area Q and from Smyth County, Virginia, 
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have foliage like P. pungens, and small cones with moderately 
well-developed apophyses and umbos. A tree from area M 
resembled P. rigida, but had thickened scales and somewhat 
enlarged umbos near the base of the cone. These intermediate 
trees were rare, but suggest that hybridization, which is 
genetically possible (Critchfield, 1963), is occurring naturall 


tena small degree. 
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VI. PHENOLOGICAL STUDIES 


Growth patterns of trees vary with species, in 
time of growth initiation, length of growing season, and 
length and timisg of the period of maximum growth rate. 
BeEserent partsimof|)trees grow in different patterns,, and 
the relationship of the several growth patterns within a 
tree may also vary with species (Kramer & Kozlowski, 1960; 
Mowbray, 1967). Mowbray found three patterns of diameter 
Growth im thecnine species he studied: -One,pattern-ineluded 
diffuse-porous hardwoods, which dominated the bottomland. 
The other two included ring-porous oaks and Pinus rigida 
which were most important on the upper slopes. This spatial 
coincidence of species importance and type of growth pattern 
Suggests that a particular growth pattern is advantageous in 
certain chabitats:: 

Some phenological differences peeeces Pinus pungens 
and the species with which it competes may exist. This 


could influence its distribution by allowing it an advantage 
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on the sites where it is found, or by being disadvantageous 
on habitats where it is rare or absent. 

The most obvious such difference is that between 
the evergreen pine and deciduous hardwoods. The evergreen 
habit could allow the species to carry on photosynthesis 
during favorable weather at any time of the year. Even during 
winter, branch temperatures on sunny slopes may rise well 
above air temperatures. Rates of photosynthesis in Pinus 
ponderosa in Arizona are much higher during favorable winter 
days than during the hot, dry midsummer, and Fritts (1966) 
suggested that lower elevation trees in the southwestern 
United States may accumulate most of their food reserves 
during the cooler part of the year. Although Pinus pungens 
oceurs in a moister, cooler climate; the same phenomenon 
could allow it to complete much of its assimilation while 
hardwoods are leafless and competition for soil moisture 
is minimal. The longer photosynthetic season could compensate 
for conditions limiting maximum rates on the nutrient poor, 
relatively dry sites. This advantage would be greatest in 
Situations with maximum winter irradiation and temperature, 
those on which Pinus pungens usually occurs (Figure 3; Table 
3; Geiger, 1965: p. 421). However, this effect is probably 


reduced somewhat by chloroplast disruption in the winter, 


as found in Pinus taeda and some other evergreens (Perry & 
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Baldwin, 1966). Monk (1966b) found evergreenness to be 
More Mmmpoortant On “dry, sterile sites than onthe moister, 
more fertile sites in northern Florida. However, he 
meee rbuULes the datference £era more’ closed "mineral “cycle 
Pa ecne evergreen “community : 

The above discussion could apply to any evergreen 
species, several of which occur commonly with Pinus pungens. 
Heo gain more” Sspecies—specific information, phenological 
measurements were made during 1966 and 1967 to determine 
if any differences existed between Table Mountain pine and 


Seme other trees with which it grows. 


Twig Elongation 


Dusting the Spring, 1966, and spring and summer, 1967, 
twig growth of several species was measured at Hanging Rock 
State Park, Stekes County, North Carolina (see Fig. 3). At 
four stations established in February, 1966, twigs were 
tagged and initial measurements made. A number of trees with 
accessible branches were used in each area. The leader, two 
upper and two lower branches of seedlings and small saplings 
were used. On larger trees, two of the healthier lower 


branches and two branches in the highest whorl that could be 
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practically measured were used. Measurements were made from 
the base of the old bud to the tip of the new shoots, to 
the nearest millimeter. Information regarding individual 
trees is in Table 23. When possible, the same trees and 
same twigs were used both years. Branch-cutting by squirrels, 
ice breakage and choice of non-vigorous branches necessitated 
enanging’ some; branches and trees.in 1967... The “upper point” 
station was abandoned and two new trees added to the top 
Statzon an 1967. Records of,.some individual branches; and 
trees which grew poorly (less than 2 cm elongation per year), 
or were lost before the end of the season, were left out of 
the analysis. 

In 1966, twig length was measured about every two 
weeks (13-16 days) from February 27 to May 8. A final 
measurement on August 2 defined “total elongation." In 1967, 
measurements were made on February 23, every 14 days from 
March listo May 20, on June 10 and August 2. (The only 
G@itiference between the August 2 measurement and actual 
total annual elongation was slight bud elongation occurring 
throughout the late summer and fall. Only a few trees (a 
seedling of Pinus virginiana and some hemlocks) had more 
than one flush of growth. The August 2 measurement was 


madesto the tap of the’ first flush in these cases. 


Since the timing of growth was the information 
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desired, cumulative elongation or elongation during a given 
period was expressed as a percent of total February-August 
elongation. Tree means of both cumulative and periodic 
Elongation were, plotted’ over time. The 1966: ‘record, isva 
penmch shoneer,. tthanrtor, l967, but still includes most» of the 
growth for most trees except Tsuga caroliniana and Pinus 
rigida. 

Using the growth-per-period plots, times of maximum 
elongation were compared. All possible comparisons between 
Table Mountain pine and individuals of a given size (trees 
were grouped as seedlings or saplings within the "office" 
Site) were made; within a given site. Pinus pungens had its 
maximum two-week elongation earlier than P. virginiana in 5 
ee KGiicomparndsons) inwal966)cand eCdarbier in) 5. of) 14 in) 1967. 
Pinus’ pungens was earlier than P. rigida in 4 of ll 
Senparrvsonsi ane l966Gyand in’4) of 9S in’ 1967... It was later 
than these species in no case. Oaks were later than pine 
Pn) uete6s Comparisons Hin L966Grand in.2 of 4 in 1967. One 
1967 comparison had oak earlier than P. pungens. Carolina 
hemlock growth peaked later than all other trees, 6 to 8 
weeks after P. pungens. It also had a qualitatively different 
growth pattern than the pines. Pine twigs elongate almost 


completely before the needles begin to expand rapidly, but 


heMlock needles are almost full-sized, forming a tuft at the 
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end of the branch, before the axis to which they are 
aetached) elongates: 

Using the cumulative growth curves for averages of 
al twigs oncastree) the dates owhen lines, connecting the 
observed points crossed the 5%, 50% and 95% growth levels 
were determined. Ninety-five percent dates were available 
LOracondyesomel l967"trees and none in 1966. A multiple 
regression technique was used to compare the dates the 
daererent Species reached a given percent growth in each 
Wear, afLer COLrrecting. forerhe errect eof ellevation. All 
possible comparisons were made with Table Mountain pine. 

Pinus pungens reached 5% growth significantly before 
pul species measured in 1966 except P. virginiana. In 1967, 
the warmer year, it was ahead of Tsuga only. It completed 
BO7 OL its twig elongation before all other species in 1966, 
pue only before Tsuga in 1967. Analysis O£ 1967 data further 
matcated that oaks reached 95% elongation earlier than 
P- pungens, which was no different than the other 3 species. 
The "growing season" for the middle 90% of twig elongation 
was longer for Table Mountain pine than for Tsuga and oaks, 
BUG nO different than the other pines. 

When differences existed, Pinus pungens started 


elongation earliest, but stopped about the same time. (Date 


of reaching 95% growth varied more within species than growth 
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initiation.) It accomplished a majority of its growth 
earlier in the season than other species, when differences 
between "species were present. Individual oaks started late 
and rapidly completed their growth, as Mowbray (1967) found. 
Tsuga caroliniana started very late, but grew as late as 

the other conifers in 1967, the only year for which any 95% 


data were available. 


Height Growth of Seedlings 


Height growth was measured only on three Pinus 
pungens, a P. rigida, and three P. virginiana seedlings at 
PHensOLtice™ isite j;rand lon<©a Carolina hemlock and ‘Table 
Mauniain pine atcthe Yuppernpoint"«site.s "The growth ‘of the 
leader lags behind that of the lateral branches. In many 
cases the maximum growth rate occurred in the two-week 
period following that for the lateral branches, especially 
an, 1967. The one hemlock measured reached 5% leader 
elongation a month after the nearby Table Mountain pine. 

In 1966, two of three P. pungens seedlings reached 5% growth 
before all Virginia pines and the pitch pine. All P. pungens 
Headers did 50% of theix growth beforeother species, by 3 to 


22 days. In 1967, a similar situation existed early with the 
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same P. pungens seedling being slow. P. pungens reached 50% 
and 95% elongation about 3 days (average) before P. 
werginiana and 1 to 4 weeks before P. rigida. It thus 
appears that Table Mountain pine seedlings may make their 
height growth earlier in the season than the associated pines, 


although the sample measured was very small. 


Needle Elongation 


Needle elongation was followed only in 1967. Length 
Semone needle at the tip of each of two branches per tree 
was measured on May 20, June 10, July 4, and August 2. 
Needie length on the tip of a given branch was fairly 
miter. The growth pattern is shown in Fig. 17. In all 
cases except one (May 20 at the top station), where one 
species could be said to be ahead of another, Pinus pungens 


had completed the largest percentage of needle expansion. 


Lateral Growth of the Trunk 


After some evidence of species differences in timing 
of twig growth was found in 1966, a few trees were fitted 


with stainless steel dendrometer bands made as described by 
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Figure 17. Needle elongation at Hanging Rock State Park, 
N.C., aS a percent of length on August 2, 1967. Each ea. 
the average for a single Exec: @P-. pungens,——[]P. 


virginiana, +++ PP: xigadai. 
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Liming (1957), to see if similar differences might exist 
in lateral stem growth. Larger trees used in the twig studies 
were banded and a few other trees at the two lower stations 
were used. In addition, two trees low on Moore's Knob, at 
1965 sample area 2, were banded. Trees used in the analysis 
are listed in Table 24, with dates on which they reached 50% 
and 90% of their circumferential increase. 

Regression analysis showed the 50% growth date to 
Bemsiqniticantly later at higher “elevations, and ‘the period 
from 50 to 90% growth to be shorter. The date of 90% growth 
Emowea no elevational differences. No species differences 
mene found, possibly due to the small sample size. 

Pinus pungens seemed to be somewhat ahead early in the season 
and then to slow down in midsummer more than the other species. 
Its growth rate increased somewhat from mid-August through 


September. 


Time of Pollen Release 


There is some information on the relative "flowering" 
dates of Pinus pungens and associated pines. In cultivation 
BE Placerville, California, P. pungens “flowers” on April 10, 


Pathe average, while P. rigida, P. virginiana, and P. echinata 


.eefosge sodsve oft asis stom xommebim nt awob wole'¢ b 
g 


“en Cie 
ferxe dxipim asonerettib x6 
asibysa piwi oft mf Bead Seetd cea 

anoitste xewol ows ons ts asesd set0 

+z dont e*ox0oM to wol count om , ie i. 
ekeylens oft of Bees eserT . bebusd exew 8 jaa 
x0e Bodoses yout doidw ae eetsb aagiw aS hci T ak 


. sesotont Letsaosetmyoxts | 


us 


ot ateb ddiworp KO0@ soit bowosle ateylens 1OLBaOTy 
i « “9 
botxsq sdt bas anata xofpid 36. xesel yi dm69: 


« => ee44 


idworp ROG 20 Steb of .sedzofle od oF Aiwore ROG” 
ssonexsaiib eoiceqe of .esonetet2ib Isnoiis 79] 
ests elqmee Lilsme sdt oF sub yidtesog ,5 


nobssa aft at yluso Deeds Jeriwemce sd ot bemece efi 


douotds toupuh-bim aos tedwemoe beesstoat ess Aw 


sessiek aellog to omit 


- 


"onixewoli* svidsiex sais ao noitserzoink smoe et oxedt . 
nol¢svitsind ot .esmte Bedetooees ns Sheprug 

.OL fktgA no »axswolt” engpaug «2 
sisnirioe .2¢ bas  sosinipaiv .¢ prey 


























igeal 


Table 24 












Gharacteristics and dates for 50% and 90% growth of trees 
used to determine patterns of circumferential increase, Hanging 
Rock State Park, N.C., 1967. (TMP = Pinus pungens, VA = P. 


virginiana, P = P. rigida, CHO = Quercus prinus, H = Tsuga 
caroliniana). 


ELEVATION + RINGS 
Er. TREE DBH AT 4-1/2 DATE FOR’ DATE FOR 
STATION (m) SPECIES # (in) ae, 50% GROWTH 90% GROWTH 
OFFICE 1500 TMP D1 6.8 36 5L22 8/31 
(457) D3 Bed. 2a 6/4 9/19 


D6 14.1 87 5/18 9/2 

VA D2 eal 24 6/22 9/10 
P D5 iia ene 73 Ew AS) 10/14 
1800 TMP x1 12.9 97 5/22 71/24 
(548) VA x2 TSye a 94 6/10 VO ZES 
2200 TMP TMP2 4.7 22 5/28 9/20 
(671) D8 1,32 110 6/8 9/21 
P P2 a8 28 6/1 1/10 

D7 ths Viera 107 5/24 9/2 
H D9 Tee 52 6/11 8/24 
2500 TMP TMP1 12.8 80 6/10 9/12 
(702) TMP2 8.3 69 6/17 9/15 
VA VA2 Re: 28 6/28 8/31 
P Pl 6.5 83 AZ13 9/24 
H Hl rae. 89 6/1 7/14 
CHO GHO2 «45.1 43 5/8 8/10 
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"flower" on Aprily21 and 23, and May 1, respectively 
(Eaddicoet & Righter,» 1960). In, 1954. at°2300 feet (702 m) 
in Buncombe County, North Carolina, Table Mountain pine 
Seattcea t® sited pollen 3 weeks before pitch and Virginia 
panes, and 4 weeks before shortleaf pine. It finished 
shedding 9 days before any other species began (Dorman & 
Barber, 1956). To investigate this further, time of pollen 
release for three pine species was recorded whenever it was 
observed. Table 25 lists the areas and dates of observations 
andthe condition of the species with respect to pollen 
release . 

im all cases whereyspecies could be-=compazed, P. 
Pungens released its pollen earlier.than associated pine 
Species, with P. virginiana second. The interval between 
maximum shed of Table Mountain and Virginia pines appeared 
to be just over two weeks at 1500 feet in Hanging Rock State 
Park, and somewhat less at 2500 feet. P. rigida was a week 
or two later than P. virginiana. Sequences were similar 
at two spots in Virginia. There is a two-week lag between 
#500 and 2500 feet;for P. pungens, and slightly less for 
P. virginiana. A similar difference was found between years, 
with earlier pollen release during the warmer year (Fig. 18e). 
Although Table Mountain pine released its pollen earlier 


than other pine species, slight amounts remained in the 


strobili when pollination of P. virginiana occurred, in some 
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Figure 18. Phenology of Pinus pungens at 1500 and 2500 
feet, Hanging Rock State Park, N.C., 1967, compared with that 
of some associated species. Degree days above 40 F at 1500 
feet are also shown for 1966 and 1967. a) A = pollen release, 
Pinus pungens, 1500 £t. B = pollen release, P. pungens, s2300 
ft. C = Amelanchier sp. and Leucothoe recurva in flower; 
Quercus, Betula, Amelanchier, Vaccinium buds breaking, 2500 fey 
D = P. virginiana, Quercus, Vaccinium, Gaylussacia in flower; 
2500 £t. E = Oak twigs elongate, 1500 ft. F = Oak twage 
elongate, 2500 ft. G = Oak leaves mature; Rhododendron 
catawbiense, Kalmia latifolia starting to flower, 2500 22. 

H = Hemlock twigs elongate, I = Q@. prinus acorns fare: 

b) Twig elongation, Pinus pungens, percent of length on Aug. 2. 
c) Needle elongation, Pinus pungens, percent of length on Auge 
2. dad) Circumferential increase, percent of total by DeeangE 

e) Degree days above 40 F at 1500 ft. since Feb. 27. 
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Discussion 


The relationship between various growth processes 






















S£ePinus pungenscat pl500 and «2500 “feet «(457 .°and 762 m) in 
Hanging Rock State Park is shown in Fig. 18, and related 
EO) OLDE phenologicabcevents at» the’ sitesi: 

Both twig elongation and pollen release were 

Smet ten ji baloG/mehantinel966.. Theronly, weather records 
available for the park are maximum and minimum temperatures 
Gaken vat «thei park«<office near «the 1500: foot:station: 
Although the temperatures were measured under the shelter 
Siva, porch oof and were: not indicative of those inthe 
Puck, tespectally <atwhigher elevations), ‘theyisshould 

iid cate sthe pattern and» magnitude) of differences between 
b96G,hand, «i967 =. For .each) year , degree-days: above 40 F 
(4.4 C) were calculated for the period between each set 
of measurements, as degree-days = (average daily mean 
temperature for the period -40) X (number of days in the 
period) ... These are plotted in Fig. 18e. 1967 was warmer 
in late February and early March, and especially in late 


March through mid-April, but was cooler in late April and 


early May. The differences between "flowering" dates and 
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dates for reaching 50% twig elongation in 1966 and 1967 
averaged about the same as the time difference between the 
cumulative degree-day curves during the same time period. 
Pinus pungens was somewhat less different between years. 
It reached 50% elongation an average of 8.4 days earlier in 
lo67ee butsthe! other pines were 14 days earlier. 

U. S. Weather Bureau data indicates that late winter 
and earky spring of 1966 in the northern North Carolina 
piedmont was considerably colder than the average year, and 
that 1967 was somewhat warmer. Mean monthly temperature 
differences (1967-1966) for January through April at 
Danbury, at 800 feet, 4 miles east of the park office were 
OMe f= 122), 4305S Paand +5 <9) Ps Precipitation <n 1966 
exceeded that in 1967, except in March. It was below 
normal both years except in January and February, 1966. 

Data for May, 1966, are not available for Danbury because 
the weather station moved during 1966. The general 
relationship between the years was the same for the region 
as a whole, although the difference between years at Danbury 
may include an unknown location factor. 

It appears that growth and reproductive activities 
of Table Mountain pine occur as early or earlier than those 
of associated species. Advantages to Pinus pungens from 


this situation might include growing while vapor pressure 
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deficit is low and while there is minimal competition for 
water, light, and nutrients from its less active and, in 
some cases, leafless competitors. It would also allow the 
maximum time for photosynthesis by new foliage (and by the 
young green twigs), which was the most efficient for several 
pines studied by Freeland (1952). Where late frosts are 
likely, however, this early activity of Pinus pungens would 
expose the young growth and developing reproductive portions 
bertne, tree: tos Erost. damage) more! often, than if,itiwere=to 
develop, latergs»Concejivably;,frequent, late frosts’) could 
exclude the species from these areas by limiting growth 
and reproduction. Frost damage to female strobili of 
Pinus echinata occurred only on those which were not 
covered by bud scales (Campbell, 1955). Freezing weather 
caused greater damage to emerging conelets of P. attenuata 
than to those further developed (Krugman, 1966). A small 
difference in stage of development apparently makes a large 
difference in susceptibility to damage. 

Weather may also affect reproduction in other ways. 
Freezing during meiosis can cause pollen inviability. The 
response of rate of development of the male and female 
Strobili to temperature is different, and unusual weather 


may cause pine pollen “flight and female receptivity to be out 


of phase (B. J. Zobel, personal communication). If early 
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Feproguctive activity is a trait the species retains 
throughout its range, this alone could exclude the pine 
Erem extensively colonizing areas with later’ spring £rosts,, 
and might help explain northern and northwestern range 
fires and "“bDilank spots” “in” its “distribution. 

Two areas in the North Carolina mountains where 
Eames pungens appedrs to be quite rare, if present’ at all, 
are in eastern Alleghany and central Ashe Counties, southwest 
through Watauga, Avery and Mitchell Counties, and in the whole 
Mmitcer1or OF western North Carolina west of Transylvania, 
Buncombe, and Yancey Counties.:+ These areas coincide with 
peeds In the State where late spring frosts are most likely 
(Hardy, 1964). The species is also quite rare west of the 
Alleghany Front in West Virginia, where temperatures average 
6-7 F (3.3-3.9 C) lower, and growing seasons are shorter, 
than in the Valley-and-Ridge province (Clarkson, 1966). A 
Similar situation occurs in Pennsylvania, where the species 
has not been reported from west or north of the Appalachian 
Placteaa Eront. Its northern limit o£ distribution generally 
coincides with the location of a greatly steepened temperature 
gradient which occurs south of the Plateau front. This 
gradient is most evident in mean January minimum and maximum 


temperatures and in mean maximum temperature in July (U. S. 
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Dep. Commerce, 1960). 

Critchfield (1963) suggested, on the basis of pollen 
release dates from Dorman & Barber (1956), that P. pungens 
maght be reproductively isolated. from the species with 
Waeeh 2t O¢curs. Partial isolation by 2 week to 4 week 
ayerage differences in time of pollen release is also 
suggested for other pine species, between which limited 
in baidazet Lon, occurs s.(Critchfield ,; 1963;.Haller,. 1962; 


Peel Gtraly. ,o 1967): 
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VII. SEED GERMINATION STUDIES 


The absence of Pinus pungens from some types of 
topography could be partially due to an effect on the 
establishment of seedlings. Since large soil temperature 
differences exist between aspects in the spring (Geiger, 
1965), the effect of temperature on seed germination was 
investigated. In a preliminary experiment, a few soaked 
Seces Of Pinus pungens from several areas, and of P. rigida 
Baa P- virginiana from two areas, were planted ina flat 
Stescand. The flat was placed in a controlled temperature 
box with a 12-hour photoperiod and thermoperiod (55 F, 35 F) 
beeeo, 1.7 €), om February 3, 1967. On April 15, the £flat 
masemoved to the greenhouse. At this time, 3 of 58 P. pungens 
seeds had, germinated, while 16 of 35 of the other species 
germinated. After 11 days in the greenhouse, 54 of the 
remaining 55 P. pungens and 16 of 19 remaining of the other 


Species germinated. A need for stratification of Table 


| 


Mountain pine seed could cause such an inhibition of germination. 
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However, Since seed from the sources used had germinated 
easily in the greenhouse in previous experiments, a 
differential response of the species to temperature was 
hypothesized, and the effect of temperature on germination 


was investigated more closely. 


Temperature-gradient Bar: Methods 


The temperature-gradient bar and chamber described 
by Barbour & Racine (1967) were used for germination studies. 
Temperatures of the baths which heated and cooled opposite 
ends Of the bar were checked at least daily. Bar 
wemperatures were measured with thermocouples at 11 of 21 
Pstatrons” on the bar, for three hot-bath temperatures. 
Average bar temperatures used in the analyses were determined 
by Linear interpolation using the known bath-temperature to 
bar-temperature relationships. Seeds were soaked in 
distilled water overnight at 36 F and dipped in a slurry of 
"Semesan" fungicide before the experiment started. They 
were germinated on sand in plastic petri plates 5 cm in 
diameter, placed at either 11 odd-numbered or 10 even- 
numbered stations. Twenty (in experiment G4) or 25 seeds 


per plate were used. Two or three seed sources could be 
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used in one experiment. As necessary, water was added to 
plates on the hot end and removed from those on the cold 

end of the bar. Cumulative seed germination was determined 
twice a day for seven days and once a day through the 
twentieth day, when the experiments were terminated. Seeds 
were removed from the dishes after seedling root elongation 
was well started. "Germination" was defined as the 
plocruSivon “Of the ‘tip of the radicle past the tip of the 
Sprtevseed coats This proved to be a “poor definition; as 
seme hotter treatments just “germinated” and developed no 
fesenensn Insexperiments "G5 to-.GS) the ‘number of “germinated” 
Seeds ‘was reduced by ‘the number which failed to elongate 
Bikecher, IbeLoretthe data’ were analyzed" “In correcting?) Lt 
was assumed that unelongated seeds were the last to germinate, 
giving the maximum average speed of germination to those 
when Gid elongate. Thus, speed of germination for 
temperatures where non-elongation was most prevalent, above 
about 28 C, was probably overestimated. Although seed lots 
were cleaned before use to eliminate hollow seeds, ungerminated 
seed was checked and germination percentages adjusted to 
exclude hollow seeds which had been used (less than 1% of the 
Octal) . 


Germination data were expressed by the "Germination 


Value" (GV) of Czabator (1962). This index combines measures 
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of the total germination (Mean Daily Germination or "MDG") 
and the maximum average daily rate of germination obtained 
during the experiment (Peak Value or "PV"). GV equals the 
product of MDG and PV. Since the interest here was to 
determine at what temperature a source or species had 
maximal GV, rather than which source would have maximum GV 
at a given temperature, a Relative Germination Value or 
"RGV" was calculated by dividing GV at a temperature by the 
Mexanum GY. found .for the source in the experiment. This 
made comparison of response to temperature by different seed 
lots much easier. RGV, MDG, and PV were plotted over 
Station temperature for all experiments. 

Experiments were designed to determine differences 
between species of pines from a given source and between 


Gicterent sources.of Pinus pungens. 


Preliminary Experiments 


Experiment Gl. Seeds from one tree each of three 


species from 1965 sample area 4 were used. This experiment 








indicated that good germination and a wide range of germination 


values could be obtained with the experimental conditions used, 


and that 20 days would include most germination. During the 


20-27 day period, only 4 seeds germinated, compared to 506 
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Experiments G2 and G3. Sample area 19 Pinus pungens 


seed germinated very poorly in a comparison with area 12 at 
three low and two high temperatures (Experiment G2). [In 
Experiment G3, seeds from areas 12 and 19 were stratified 
for 17 days at 34 F. Maximum GV for stratified seed was 
5.0 and 0.0 for the two areas, compared with 143 and 35 

in Experiment 2, indicating a possible adverse effect of 


stratification on germination. 


Experiments G4 and G6: Species Comparisons 


Comparisons between Pinus pungens, P. virginiana and 
PB. rigida were made for seed from sample area 4, at 3200 feet 
(947 m) on the Blue Ridge in Patrick County, Virginia, and 
from 1500-1900 feet (457-580 m) on Smith Mountain, Pittsylvania 
County, Virginia, an outlying monadnock about 45 miles (72 km) 
Gast—northeast of area 4. For each area, seed from two to 
five trees of each species, depending on what was available, 
was mixed, with equal numbers from each tree of a species at 
each temperature. RGV's for the three species from Smith 
Mountain are shown in Fig. 19a, and MDG and PV in Fig. 20a. 
(These data are not corrected for "germinated" seeds which 


did not elongate.) RGV for all species rapidly increases 
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above 17 C, with Pinus pungens increasing most rapidly at 
first, until all species reach a maximum about 26 C and then 
G@eeperaptdly above 30 to 32 C. Some irregularity in the 
curves appears at 28 to 31 C in several experiments and is 
perhaps due to internal pathogenic fungi (Fisher, 1941) 
waren have temperaturesoptima: in: this yrange. 

The relationship of RGV curves might be expected on 
the basis of species distributions around Smith Mountain. 
Table Mountain pine is rare below about 1400 feet. P. rigida 
is at all elevations on the mountain and quite common on 
the surrounding Piedmont. P. virginiana, the most common 
pane on the Picdmont, is rare above about 1500 feet. 

in Experiment GE, using seed from area 4, data 
corrected for non-elongation resulted in the RGV, PV, and 
MDG curves in Fig. 19b and 20b. Pinus pungens again is 
somewhat ahead of the other species below 26 C, reaching a 
Pediat 25 C, while P. virginiana and P. rigida peak at 30 
and 28 C, respectively. Again P. pungens seems better adapted 
to relatively lower temperatures. P. rigida seems to germinate 
to a significant degree over a wider range of temperatures 
mham the Other species. 

For both areas, P. rigida has the maximum GV, with 
P. pungens well below the other two species. This is due to 


a higher maximum PV for P. rigida and to the fact that maximum 
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PV and MDG occur at the same temperature, while for Table 
Mountain pine, PV peaks at temperatures above those for 


maximum MDG. 


Experiments G5, G7, and G8: Comparison of Pinus pungens 
from Different Sources 

Two Blue Ridge:Valley-and-Ridge comparisons were 
made in Experiments G5 and G7. RGV'"s are plotted in Fig. 19c, 
and MDG and PV are in Fig. 2la. In Experiment G5, sample 
area 4 was compared with seed from Iron Mountain, Smyth 
County, Virginia, about 8 miles south-southeast of Marion, 
ee 3200 feet. Site 4 Pinus pungens seed again showed the 
caipean germination about 29 C. Despite this aberration, 
the RGY curve for site 4 is slightly shifted toward warmer 
temperatures. Maximum GV for the two sites was almost the 
same. 

Experiment G7 compared seed from four trees each at 
area L (including 1965 area 6) and area 16. Maximum GV was 
116 for area L and 42 for area 16. The low GV for area 16 
seed was due to poor germination, which never exceeded 64%, 
as well as slow germination. 

Experiment G8 used seed from areas N, F, and B, at 
latitudes 34939', 38°17', and 399°49' N. Seeds from three, 


five and two trees were available, respectively, from the 
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Figure 19. Relative germination values (RGV) on 
temperature-gradient bar. a) Expt. G4, 3 species from Smith 
Mountain. b) Expt. G6, 3 species from area 4. cc) Pinus 
pungens, from areas 4 and L on the Blue Ridge, and.from area 
16 and Smyth Co., Va., in the Valley-and-Ridge. d) P. pungens 
from areas N, F and B. 
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Figure 20. Peak Value and Mean Daily Germination for 
species comparisons: a) Expt. G4, Smith Mountain, Virginia. 
b) Expt. Go, areca 4. 
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Pagune 21). 


Peak Value and Mean Daily Germination for 


comparison of sources of Pinus pungens: a) Expt. G5 and G7, 
Blue Ridge:Valley-and-Ridge. b) Expt. G8, latitudinal 


comparison. 
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LS 
three sources. RGV curves for areas B and N (Fig. 19d) 
were very erratic in the 28 to 31 C temperature range, 
making comparison of the results difficult. MDG and PV 
are plotted in Fig. 2lb. Maximum GV was 85 for B, 62 for N, 
aad £25 £EOr I’. 

Despite ene eberracions in the data apparently 
caused by internal fungal infection of some seed samples, 
some idea of variation in seed germination patterns may 
be obtained from the data presented here. It appeared that 
seed tested from the Ridge-and-Valley area had a somewhat 
lower optimum temperature than that from the Blue Ridge, 
even when the Ridge-and-Valley source is at a lower 
etevatton than the’ Blue Ridge source. The latitudinal 
comparison was badly distorted and also included a large 
elevational difference, with areas B and N about 1200 to 
¥300 feet and F above 2900 feet. Seeds from the two lower 
Seees adppeareca to be better adapted to the highest 
temperatures used than those from site F. Optimal 
temperature for RGV for N, the southern source, appeared 
higher than for F. One cannot guess at what temperature 
the true maximum RGV for area B appeared. 

in the £ield, the important’ part o£ the’ temperature 
response of seeds should be at the lower temperatures. 


Seeds which germinate in early spring will respond as soon 
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as possible, not waiting for "optimum" temperatures. Total 
germination for Table Mountain pine seeds (represented by 
MDG) was maximal at temperatures below those at which 
maximal speed of germination (represented by PV) occurred. 
The relatively high temperature maximum of PV could be 
important for Pinus pungens if the seeds were released by a 
warm season fire, when it would be necessary to complete 
the germination process rapidly to insure establishment 
before desiccation killed the young seedlings. The three 
Species show some) difference in this respect .:<Pinus»rigida 


eid P.4 virginiana ,.which, release their: seeds the fall or 





winter after they mature, and, thus, would almost always 
germinate in the spring, show no separation or less 
separation of temperatures at which maximum survival and 
speed of germination occur. Usually, these two species 
had maximum speed of germination at the upper end of the 
maximum-survival temperature range, which extends to 
somewhat higher temperatures than for P. pungens. 

Germination in the above experiments was at 
constant temperature in continually wet conditions, and 
probably at a different pH than would be found under natural 
conditions. It may be that the temperature responses outlined 
above would not occur under different conditions, such as 


alternating day-night temperatures. Some indication of such 
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differences appears in germination records kept for greenhouse 


experiments. Seeds were planted in small pots in soil from 
sample area I. Time to germination varied considerably, 
depending on conditions of germination, with a median of 
about 10 to about 20 days from planting of soaked seed to 
emergence of the seedling. Pinus rigida, which had the 
highest PV in the gradient-bar experiments, was the slowest 
EO Germingte cin ys of 4 largergreenhouse «plantings: 

Seed of Pinus contorta from British Columbia showed 
a pattern of germination depending on its source. Seed 
from colder areas germinated more quickly at low temperatures 
than that from warmer areas. Those seeds from warmer areas 
germinated more quickly at high temperatures than those from 
cooler areas (Haasis & Thrupp, 1931). Critchfield (1957) 
founa no Gifferences he could correlate directly with climate, 
bus said his pretreatment of the seed might be responsible 
for eliminating such a response. He did find definite 
differences between seed from various regions, however. 

Seeds of all species used in these experiments 
germinated well, in most cases. In one experiment with area 
I soil, 95%, 93% and 88% of solid Pinus pungens, P. rigida 
and P. virginiana seed germinated. Maull (1963) found 
decreases in germination of Pinus rigida seed with decreasing 


soil moisture, with periods of wetting and drying, and in 
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erie taght. No change by pH from 4.5 to 8.3 was found. 
However, some soils used in the present greenhouse experiments 
had pH below 4.5. Although germination percentages were 
not determined for all plantings, germination of solid seed 
was in the 80-90% range most of the time. Exceptions were 
Buiomivetnose Lots collected in.early fall of the year they 
Matured, ~prebably before, the.cones were fully,ripe. 

BLtective:germination..in,the,£ield, is.probabLly 
much below this. The percentage of empty seeds removed 
before use of the lots of seed varied from 6 to 73% of the 
total, in measurements made for 16 trees from areas N, F, 


enor. The 16 lots avexraged.73%, Eull. 
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VIII. PHYSIOLOGICAL RESPONSE OF SEEDLINGS 


In order to understand how some conditions found in 
the field might limit the range of Pinus pungens, some 


aspects of seedling physiology were investigated. 


Water Relations 


DreEecrences in resistance to damage by Limited soil 
Meaeer may be related to the ability of a plant to avoid 
Water Loss, or to endure dehydration of the protoplasm 
wreiOout ahjury. The former category includes depth and 
Extent Of root systems and their ability to function at 
low soil moisture contents, and the extent of control 
Over water loss by the leaves. Although few trees can 


endure protoplasmic dehydration to the extent that some 





lower plants can, differences between species and throughout 
the year within a species are the ultimate factor determining 


their drought resistance (Kramer & Kozlowski, 1960). The 
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adverse effect of water deficits may result from changes in 
a number of basic cell processes. Net photosynthesis may 
be affected by stomatal closure, which limits CO2 entry 

and raises leaf temperatures, or by direct effects on 
enzymatic systems in the cells (Slatyer, 1967). Whitmore & 
Zahner (1967) present evidence that water stress in 
differentiating xylem cells directly reduces carbohydrate 
iAcorperation into the’ cell wall. 

DELECrences” in Species characteristics’ involved in 
prevention of internal water deficits, and in the response 
eo -enem, mey ain large part explain distributional differences 
between some pine species (Daubenmire, 1943; Rand, 1965; 
Wright, 1966). Similar differences might affect distributions 
of the pine species which occur in the Appalachian Mountains. 
EP2nus Pungens *is“the most’ restricted of the species, 
occupying the warmest and driest topographic situations, 
which usually have shallow soil. It appears that, relative 
to the other species available for colonization, P. pungens 
must be better adapted to survival and growth in these 
habitats where maximal soil water deficits probably exist. 
Since Table Mountain pine occupies a wide latitudinal and 
elevational range, any adaptations to drought might exist in 
different degrees in different populations. To determine 


the extent of differences, if any, between geographic sources 
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Ler 
of P. pungens and between species, some aspects of water 
relations of seedlings were compared. 

Seed was collected during 1965 sampling and the 
following fall. Sample areas and number of trees of Pinus 
pungens from which seed was used from each area were as 
Pelows: tAreatyl(2 +1-P. virginiana), area 4 (3 + 1 P. 
feeqahiana + 1)P.'rigida), area 9 (1)area 26 (1), area 27 
(2), collection BB (near Brasstown Bald, Towns County, 
Georgia, at 2450 feet) (1). Plantings were made in late 
January of 1966 and 1967. Each planting consisted of twenty 
pPoes £rom "each "mother™ tree (four pots each in five replications). 
Plants were grown in 16-ounce foam plastic cups (Dart no. 
16H16). All cups were wrapped with aluminum foil in 
fenuary, L967,)ito discourage algal growth at the surface 
between the” soil and the transluscent cup. 

To provide a nutriént and microbiological environment 
resembling that in natural conditions, soil from sample area 
ll (1966 area I) was collected. The topsoil and subsoil 
which passed through a 1/2-inch seive were mixed. Analysis 
of 1965 soil samples indicated that this soil approximated 
average textural and nutrient conditions encountered. The 
analysis of area 11 soil is shown in Table 26. 

Mycorrhizal associations increase mineral absorption 


of pines by increasing root surface and by accumulating some 

















a 
tegew io esosqgas Sm0s _ vsoteega noewied 
. bersgmoo exsw 
eft bus paiiqnuse €e@i pniasd bespeliod 


augiG 20 esext to ssdeua bas esexs — 


a 


.< 
= 





as sxsw sets doses mort beau ssw. beer s 
41+ €) & sexs , (saskazpaiv .¢ tS) 663 

TS sexs .(L) dS sexe(1) @ sexs .(sbipts =. tL 
rinvoD enawoT ,bis&@ awosessta pene aes 

otsl ai sbem exew epaisgnelqd .(i} {(gae2 ian 


yinswt 10 betetenco paisasiq mosd.. . Toe bas, sok : 


(enoljseilgss evi ai dom@ edoqg awo2) sexzt sedgom m> 



















.of d4eG) equa sitesliq msox eonuve-dL ai awore ox 

nt [leit muntauls dtiw beqgstw sxew equa © 

epsiiue oft +6 déwotp lepis epsxvocelb ot.,fe 2 
quo jneceulens1¢ edt bas Llosa, ems 

comuotivue Isotpoloidozoim bas sjnetastua & obiyoug of « 

sors olqmee moxt Lloe ,enottibnoo Lexutjes Ok, Reds | aa 

[toedye bas Iboagot eft .betoelion esw. (Tt, saze< 3e, ) 

sieylen& .bexim stow evies, donk-S\i s dpyoxd — 

bejsmizxozggs iloe sid ssd¢ betsotbat.eolqmss Ltoe 2ae r 

eff .bexrscunmeome enotstibnoo gaelaisua bas, Lexetxes) ™ 

38 olde? at swore. ek Ltow Li coss Ro eleyl 

aoljqzuosds Isyenim sesetont enotgssiooses, Lesisixx00¥K 


ah. a 
emoe paulitslumwons yd bue sosiaga Joox eakesoxoat ve & 


Aa “ 


eG «= -<« -* — 


eZ 


cz O O 9° 0 Sim 0) S oi To Sho L°O LL @ Un tig “AGG CUVGNWLs 
Cane SL v°Z Ss CC CLI Lv AEE VC 6S TV NWAW 
OB eS eee 
(TeI0L Fo 
% emoe/GT ecoe/q{l e1r0e/qT SAVe/GT ~Set9e/qT (eTduwes ww Z>FyO %) Jusdzreg) 
WO y d UW BY 9) Hay ACTS gales pues wu ge 
Ai}STwWoeyD ein xe, 


88 wawswasoooSsS=S$SaSSS 


*“SUOT}eUTUAZSJEp G FO UeSW SY ST ONTeA YyoOeg ‘°L pueda 
S}uewtTtedxs toz shutTpees moxz6 0} pesn ‘(TT eeze) LT vere WoAT TIOSs Jo sotiastzezoOeIeUD 


9c eTded 


o | gxusxet 
a ai  ~ ag Pet #118 bush mm S€ 


azos\al aH, ~ (siqmsea mm £>io X) $a99%69) ». 


~ 





' 

o 

tA 

—— ra 








183 
nutrients. They protect roots from some pathogens (Marx & 
Davey, 1967). Other roles may include supplying metabolites 
or growth substances and increasing drought resistance 
(Harley, 1965; Mirov, 1967) and perhaps fixing nitrogen 
(Richards & Voigt, 1964). It was considered desirable to 
supply conditions under which this important relationship 
could develop, by providing the organisms and soil nutrient 
Sengitions which “existed in an area where all the pine 
Species under consideration were present. Development of 
the seedling presumably depends largely on nutritional 
Pomatc1Ons, which mycOrrhizae influence in pines. Since 
Plants grew in small soil volumes, however, the total pool 
Of Nutrients available to them was somewhat limited. 

Plants started in January, 1966, were moved outside 
tae Greenhouse from late April until January 11, 1967, 
when they were moved back into the greenhouse. These 
Plants and the duplicate 1967 planting are referred to as 


ene 'D” planting. 


Experiment D. The relationships of several plant 
responses to drying were determined in this experiment. 
Pots were saturated and, about a day later, covered with 
"Saran-wrap", which was sealed around the seedling stem 
with tape. Pots were then allowed to dry by transpiration. 


No plants were used within two days after saturation to 
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assure drainage of most free water. Two replications (i.e. 
G€ight plants of each age from each mother tree) of the "D"- 
planting were used. Each age was broken into eight groups, 
€ach group having one pot from each of the 13 mother trees. 
Order in which groups, and trees within groups, were used was 
randomized. Almost all sampling was done about 8 a.m. (day- 
light time). A shaded Bendix-Friez hygrothermograph, kept 
with the plants, indicated this to be about the time that 
meiderve humidity began to’ fall from the usual nightly 
maximum of 100%. Thus, this should have been the time of 
minimal water Stress in the plants, after maximum time for 
mecovery from the water stress developed the previous day 
(Slatyer, 1967). 

Ustalily;, five pots per “day were ‘sampled- “Each pot 
was weighed the two days before it was scheduled to be 
used, and at the time of sampling. The Saran-wrap cover 
was removed and the pot was placed in an enclosed "moist 
chamber", where sampling was done. Needles were removed 
EOF water potential determinations. Secondary needles were 
used from the older plants, while the entire top above the 
cotyledons was used from the younger ones. The soil was 
then dumped from the pot and the roots removed, and it was 
thoroughly and rapidly mixed by hand, breaking the large 


aggregates. A small sample was taken for water potential 
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determination. A sample of 250 to 300 grams of the remainder 
was weighed, dried at 105 C for at least 24 hours and re- 
weighed to determine the bulk soil moisture content. Roots 
were thoroughly washed, the plant dried at 70 C about 24 
hours, and dry weights of needles, stem, and roots determined. 
Atter water potential measurements were completed, percent 
moisture of needle and soil samples used in the measurements 
were determined by similar weighing and drying. Dry weight 
of each needle sample was added to total needle weight. 

Bor the younger plants, total top weight was not separated 
omco needle and stem. 

Water potentials were determined with a thermocouple 
psychrometer (Richards & Ogata, 1958; Boyer, 1965). Double- 
thermocouple psychrometers, with one wet and one dry 
thermocouple junction, were used with needle samples to 
obtain potentials corrected for respiration heat of the 
tissue (Barrs, 1965). Needle samples were cut into sections 
about 1 cm long, covering the bottom of the psychrometer 
cup. Psychrometers were calibrated with sucrose solutions 
of known potential placed in the bottom of the cups. The 
"water potential" terminology of cell-water relations, as 
outlined by Kramer et al. (1966), is used. Measurements 
were made from May 3 to June 30, 1967, after all year-old 


seedlings had elongated and developed new needles. 
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Water content:water potential relationships of the 
soil. For use in future experiments, a water content:water 
potential curve was determined for the soil. Relationships 
were determined using water content of the sample on which 
the potential was measured and of the bulk sample The 
megression Of water potential of the soil (Ve) on water 
content of the bulk soil gave the best regression, accounting 
for 94% of the variation for soils of both older ("0") and 
younger ("Y") groups of plants. The two regression lines 


differed somewhat, however. 


Soil water potential:needle water potential relation- 
Ships. Regression equations were calculated for seedlings 
feoMVecachsmoetherntree at eacheage;, and for trees grouped in 
various ways. The reduction in sum of squares using 
separate regressions over that using a single pooled 
regression determined’ whether regression lines: for different 
groups of seedlings were significantly different. 
Comparisons between species (using a pooled regression line 
for all the Pinus pungens mother trees in the area) within 
their source areas showed no differences between species. 
Intraspecific differences did exist between the two sources 
of P. virginiana at both ages, and between young P. pungens 
within areas 4 and 27. When data for P. pungens were 


_ grouped for northern (areas 27, 26, 4) and southern (areas 
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1, 9, BB) sources, the regional differences were significant 
at the 5% level. Regressions of needle water potential (Y,) 
on Y, for P. pungens are shown in Fig. 22. The dashed 
Straight line is the line of equal potential for needles 
and soil. It appears that there is no real difference 
between the northern and southern sources of "O" seedlings. 
The one aberrant observation (at ¥, = -50 bars) in the 
HoLehnern group probably led to the significant test of 
@iitrerences . 

When ¥, is below -5 to -10 bars, Yy is higher 
(Wess negative, meaning wetter) than ¥,. This gradient 
is the reverse of what is expected, as a plant potential 
ewes than the soil potential is necessary for water uptake. 
MoesOtk Water content decreases, a greater potential 
difference is necessary to cause constant water uptake. 
The reverse gradient found could be caused by uptake of 
water from the saturated air at night. Such uptake, 
although slow, has been demonstrated for species of Pinus 
(Slatyer, 1967). A similar explanation involves possible 
condensation of water on needles in the moist chamber, 
Which was lighted from outside by a desk lamp in the early 
part of the experiment. Heating of the chamber by the 
lamp resulted in condensation of water on the relatively 
cool pots, and probably on the needles. Use of the lamp 


was discontinued when this became evident, but some of the 
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Figure 22. Relationship between water potential Of Ser 
and of needles of Pinus pungens seedlings. Data points for ¥. 
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observations with relatively high Yn May have resulted from it. | 


Probably the major cause of ¥, being less negative 
than ue is leaf resistance error in the psychrometer 
measurements (Boyer & Knipling, 1965). Diffusion resistance 
in needles of Pinus taeda, measured with a porometer, 
increased from 30 to 740 sec-cm7! as needle water potential 
dropped from -5 to -20 bars. After plants were rewatered, 
this resistance increased from 70 to 510 sec-cm-! over a 
similar drying cycle (Kaufmann, 1967). Presumably a similar 
BelavLtonship exists for the species used in: this experiment. 
This increase in leaf resistance would slow vapor transfer 
in the psychrometer cup, causing the measured water potential 
to be above (wetter) than the actual one. This error would 
imerease as*¥, decreased and leaf resistance increased. 
Resrstance “errors up to 12% were found»for pines by Knipling 
(1966) , working at potentials above -20 bars. To completely 
account for discrepancies found in this study, errors of at 
least twice this magnitude would be necessary. It seems 
likely that all three sources of error contributed to the 
relationship. 

Inverted water potential gradients have been 
reported for pepper and sunflower, with plant potential up 
to 4 or 5 bars higher than that of the nutrient solution 
in which it was growing. This observation was explained 


as resulting from root pressure (Barrs, 1966). Since root 
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pressure occurs in plants rooted in wet soil (Kramer & 
Kozlowski, 1960) it is not a likely explanation in this 
case, Since the reverse potential gradient increased as 
the Soil became dryer. 

Younger plants had potentials more above soil 
potentials than the older ones, possibly due to a higher 
potential threshold for stomatal closure. Also, since 
Peimary needles O£ pines are less cutinized, have thinner 
epidermal walls (Bormann, 1958), and have a higher surface 
to volume ratio, water could be absorbed more easily and a 
Given amount of absorbed water would affect the overall 
Potential of the needle more than for an older one. 

Psychrometer equilibration for drier needle tissue 
and soil was quite slow, usually taking 12 to 15 hours. 
Except in a few instances, especially with very dry soil, 
all determinations continued until the change in psychrometer 
read-out amounted to 0.1 bar per hour or less. 

Respiration errors, corrected with the double 
thermocouples, were calculated, and varied widely at high 
needle potentials. For "Y" seedlings, errors up to 26 
percent were found, although most were less than 10 percent. 
Maximum percent error decreased as potential decreased, but 
the average changed very little. Older seedlings showed no 
trend in size of error with potential, and almost all 


@rrors were below 10 percent. 


































— — >a! 
. . - 


a comet) £208 dew ab Besooe etaslq: abiexsason 


eidt nt morgenetgxe ylokiges tonmvekedt (O0ed 
- _, 6 
as beessinmi snerbaerp Letsnetog sazevet rit 90. 
.seytb 


Pees. 
ce 
fies eveds szom eleisnetog bentvetnsiq tepaue 

ry 7 
<oriptd s ot ovb gidiesoq ,fene rebio. sid rk 


es ,oeff& .senameolo Isssmose x02 Lori 


sonte 
ronnint oved ,bestattuo seal ete eentg) 20 
sosiuse i1Sfpind s aver bre , (Bees ,anemzog) alls 
bis yftese stom becioeds ed. bluoo tetew,,ot s2 
ifexovo ods toehis bluow szetsw bedsoads Rossa 
robo as x98 nmedd osom elbeoom ony i 


OM 
4 ofSsen teinb 202 motdsidifisps secomtnoyes 
- 7 7 i] 


Jtfae. 
_eipor 2i ot Sf pmidtet yifsuveau woie Sdiup asw Lion 
Sios yvrb ywiev dtiw yileLioeqges ,seonstentl weir BS: a 
rl 
tstom ‘ed f spieio ong Litas beynteaoes sncktisn im of 
.aeel to saved seq zed 1.0 oft bestnwome 
efdrub sds ddtw besgoetz05. .e10TTe soltsxiqesd — F 
pid ts yiebiw bDelxay ‘bas bessiluolss e1rsw ,esiquooo 
et qu aromte ,epatibese "¥" tot: elstsnésoq efit 
. 
tngsotegq OL nett aeel exew teom devodsia: ,bavsot,st]ew Jas 
jud \beesexosb istinetoq es bsesesosh aorz9, Jne°oteq same 


.eltdil yrov, Bepnsdo epst 


i bewore apmiipese webio 
5 teomis bus .iehtaetog diiw tzotxe ie,esie at Ba 


.tnsorseg OL woled siew 


<email 


os. = 
7 





192 


Water content:water potential relationship of 
needles. The relationship between water content of the 
needle sample used for potential measurement, expressed as 
percent of dry weight, and needle water potential was 
determined for all sources of seedlings. A good relationship 
would be useful in future experiments, allowing estimates of 
Yn from needle moisture content. Scatter in the data was 


Eeo wide for this use, and no statistical comparisons 





between sources or species were made. However, the data 

meatred, in Pig. 23 illustrate this relationship. It 

appears from Fig. 23 that older :Pinus rigida needles have a 
Hagher water content than the average of the other two | 
eeeceres throughout the potential range considered. Stated 
Prererently, it appears that they can lose less water before 


feaching a given level of water stress. 


Transpiration:Soil Moisture relationships. The 
water lost by each seedling during each of the two days 
prior to sampling was determined and the results expressed ) 
as loss per gram dry weight of needles (or per gram dry 
weight of total top, for "Y" seedlings). From hygrothermo- 
Graph charts, vapor pressure deficit (VPD) in inches of 
mercury was determined every 2 hours and plotted over time. 
The number of "inch-hours of VPD" between weighings, an 


estimate of the total evaporative potential of the air 
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Figure 23. Relationship between needle water content 
and needle water potential ©£° 3 pine Species. 
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during the period, was determined by planimetering the 

area under the VPD curve. Water loss was finally expressed 
as grams water loss per gram dry weight per inch-hour of 
VPP. Correcting for the evaporative potential should allow 
more accurate comparison of measurements taken on different 
Gays. ‘Regressions of water loss on*soil water content were 
Gomputed, and were compared as described for the plant 
porential=soilmpotential regressions. No differences were 
found when water loss of the day previous to sampling was 
used to estimate transpiration. The average of both days 
showed some differences. Older Pinus pungens and P. rigida 
aittered fratearea)4,and the two sources of PP.» virginiana 
differed for older seedlings. A more intensive investigation 


Oretkanspiration will be reported in the next section. 


Experiment T. Because loss of water by individual 
plants was measured for only two days in Experiment D, 
variation between individuals is not separable from that 
caused by the drying of the soil or by different conditions 
on different days. Repeated measurements made on the same 
trees as they dried should give a better relationship. 

One replication of both ages of the "D"-planting 
was used. It was broken into 4 groups of each age, each 
group with one plant from each of the 13 mother trees. The 


position of groups on the greenhouse bench and of pots 
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within groups was changed after every weighing. 

Pots were saturated and covered as in experiment D. 
They were weighed every 2 days, between 8 and 11 p.m. VPD 
inch-hours for each period was calculated as before. When 
soil moisture decreased enough that water loss had become 
eEmalip(seil modsturecofe3 toi 5 percent) ,920°ml: ofr water 
was added to the cup. At the next weighing, a new set of 
measurements was started. 

At the end of the experiment, the weight and moisture 
Eaenecenteotithecsoil, >the wet weight.of the pot plus the 
seedling, and needle dry weight were determined. Assuming 
no significant change in plant weight over the 26-day 
measurement period, the percent soil moisture was calculated 
tenpvallwdates*o£ weighing. From:thewsoilrmoisture:soil 
water potential relationship determined in experiment D, 
the soil water potential was estimated. 

Water losstin grams per gram dry weight per’ inch- 
hour was calculated as before. Regressions of water loss 
Shesoil moisture contents were determined, and differences 
analyzed as in experiment D. Plotting the data showed that 
periods with unusually low VPD inch-hour totals had much 
higher rates of evaporation than most. During these 
periods of low evaporative demand, absorption is better 
able to keep up with water loss, and much more of the 


otential for evaporation can be fulfilled by the plants, 
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giving higher rates per unit of evaporative demand. On 
days with high VPD, rate of water absorption limits 
transpiration and the extra inch-hours of VPD cause no 
increase in water loss. To remove much of the variation 
from this source, only periods with 13 or more inch-hours 
OL VPD were used in calculations, eliminating 3 periods 
with 9:5, 7.1, and 8.4 inch-hours. To check for differences 
manduy Sot, Separate (regressions were done for data with 
soil moisture below 7 percent (equivalent to about -8 bars 
maeiyYesorh and =ll+bars ijine"O" soil); 

Water “hoss«differences significant among ."Y" 

plants included those between individuals of Pinus pungens 
at areas 4 and 27, and between northern and southern areas 
(South was areas BB, 1 and 9; North was areas 4, 27 and 26). 
@hestwo sources of P.»,virginiana differed. Differences 
between species occurred in area 1, and in area 4 between 
P. pungens and P. rigida. Regression lines for southern 
and northern Table Mountain pine and for all species at 
areas 1 and 4 are plotted in Fig. 24. The southern trees 
apparently lost less water at high and very low soil 
moisture contents. At area 1, P. virginiana lost more 
water at higher moisture contents. However, between about 
10 and 5 percent soil moisture (about -4 to -20 bars) « vit 


lost less. At area 4 there was no significant difference 
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between P. pungens and P. virginiana, or between the 
irecer and P. rigida. PB. rigida lost more water than 
Table Mountain pine at all soil moisture levels examined. 

In older seedlings, similar differences appeared. 
Pewieginiena at area 1 differed from one of two Table 
Mountain pines. At area 4 all three species differed from 
each other. Among Pinus pungens sources, individuals 
Meehin areas 1 and 4 differed, as did north-south groups. 
Regression equations of groups showing significant 
differences are plotted in Fig. 25a-25c. 

Data for soil moisture below 7 percent showed few 
differences, probably due to fewer data and the fact 
miat large differences were at the higher soil moisture 
Hevels. Separate regressions fitted the various Pinus 
pungens sources better than a single pooled regression, 
as also appeared in the total data for both ages, but no 
smaller groups appeared to differ. P. virginiana at area 4 
differed from the Table Mountain pine in the area, however. 
(See Fig. 25d). 

Northern sources of "O" seedlings lost moisture 
somewhat faster at higher soil moisture levels. Water 
loss of P. virginiana at area 1 was more than one of the 
Table Mountain pines, and the same as the other. At area 4, 


P. virginiana had higher water loss at very high soil 
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Figure 24. Water loss of six to seven month old seedlings 
as affected by soil moisture. Soil water potentials apo. 
12, 8, and 4 percent, respectively, are -0.5, -1.5, -6, and -32 
bars. a) Pinus pungens, north and south. b) P. pungens and 
P. virginiana from area 1. c) P. pungens, P. virginiana yend 


P. rigida from area 4. 
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Figure 25. Water loss of 18 to 20 month old seedtingema 





affected by soil moisture. Soil water potentials at 16), 227000 


and 4 percent, respectively, are -0.5, -2, -8, and -40 bars. | 


a) Pinus pungens, north and south. b) P. pungens and P- . 


virginiana at area I. 


c) P. pungens, P. virginiana, anmdyee 


rigida at area 4. d) Same as c, at low soil moistune oni 
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moisture levels, but lost Somewhat less at lower levels. 


RP. rigida; unlike the "Y" seedlings, lost less water except 


at low soil moisture. 


Discussion. It appears that small differences in 
response to water stress may exist between sources of Pinus 
pungens and between species. No differences in reaction 
®f needle water potential to soil water potential were found. 
However, water loss seemed higher for northern sources of 
Pinus pungens compared to southern sources, and for seedlings 
of P. virginiana of both ages at high soil moisture levels, 
compared to P. pungens. Young P. rigida lost more water 
than P. pungens, but older seedlings lost less except 
fehow soll moisture levels. Although no extreme 
differences existed, or might really be expected to exist 
between such ecologically similar species, there is at 
least slight evidence that seedlings of Table Mountain pine, 
especially younger ones, are better adapted to dry sites 
than those of the other two species. 

The rate of water loss from primary needles is 
considerably greater than from those seedlings with 
secondary needles. This could be expected, since primary 
leaves have relatively thin-walled epidermal cells and a thin 
Cuticle (Bormann, 1958), and probably a higher surface to 


volume ratio than on mature needles. Their "provision for 
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controlling transpiration especially is much less developed" 
(Goebel, 1900: p. 153-154). These adaptations, which allow 
light saturation of photosynthesis at much lower intensities 
(Bormann, 1958) and higher actual photosynthetic rates 
(Wright, 1967), aid initial survival under low vegetation 
but would seem to be of least advantage on hot, dry, sparsely 
vegetated areas. 

Many,.sources,,o£, Pinus jpungens;,,especially "y" 
seedlings, had a regression line of water loss on soil 
merctune which, leveled .off.or even decreased.at.high,soil 
moisture contents. Pinus pungens might be more susceptible 
mo adverse ef£fects.of poor soil, aeration at higher moisture 


GONEEHES - 


Seedling Response to Increased 
Calcium and Magnesium 
Pine species differ in calcium tolerance. Some 

may be excluded from calcareous soils (Mirov, 1967). 

Some species show deficiency symptoms at low calcium and 
magnesium concentrations, while others do not. Some species 
become chlorotic on calcareous soils, and Woodwell (1958) 
Showed that seedling growth of one source of Pinus serotina 


was inhibited by 400 ppm calcium, below the maximum 
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concentrations which occur within its range. High calcium 
concentrations or pH above 6.5 directly reduce germination 
and seedling survival of Pinus echinata in culture and in 
nursery beds (Chapman, 1941). So, although pines tolerate 
a wide range of calcium concentrations in the soil, species 
do vary in their tolerance, and both excesses and : 


Geficiencies, may’ affect the growth and distribution of 





species (Kramer & Kozlowski, 1960; Mirov, 1967). 

The well-known example of edaphic limitation of 
plant distribution by serpentinite soils involves low 
Sercaunydevel» aS, ay principal, Limiting. factor... Tolerance 
Eemeniss and) other minerals, which are, deficient or are 
present in excessive quantities is necessary for survival. 
Some species and ecotypes are. endemic to this, soil type, 
bute Gestricted to,it,, perhaps, by the more intensive 
competition on "normal" soils (Billings, 1957). Development 
of serpentinite races as in many herbaceous species was 
not found in 6-month old Pinus sabiniana seedlings (Griffin, 
1965). However, Kruckeberg (1967) suggests that any 
differences in woody plants may appear well after seedling 
establishment, and found 26 months necessary for differences 
between response of serpentinite and non-serpentinite 


sources of P. contorta to develop. 
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Since Pinus pungens usually occurs on soils rather 
low in calcium, and was never seen on limestone areas, its 
response to increased levels of calcium and magnesium in 
the soil was examined. The other two pine species with 
which it usually occurs were also used for comparison, since 
the species might respond differently to high or low 
concentrations of these elements. To test the effect of 
higher levels, calcium and magnesium were added to area I 
Souls The amounts added were calculated to give a calcium 
eGoncentration similar to a soil found on limestone within 
the range of P. pungens. Enough magnesium was added to 
keep the ‘calculated CasMg ratio the same as in the original 
soil. 

Because high soil pH can cause poor mycorrhizal 
development through its effect on host nutrition (B. N. 
Richards, 1965), the effect of and on mycorrhizae was also 
examined. If Tamm's (1964) suggestion that nutrient 
tolerances of soil organisms may differ from those of trees 
is true for mycorrhiza-formers, information about relative 
response of mycorrhizae to increased lime could be of 
interest. 

Area I soil collected March 28, 1966, was divided 
into two lots, one of which was sterilized by methyl 


bromide fumigation for 44 hours. To half of each of the 
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Beerilized and unsterilized lots, a mixture of agricultural 
lime and CaCO3 was added and very thoroughly mixed, to 
gave Calculated Ca and Mg concentrations of 5 and 2 
millequivalents/100 grams (or about 2000 and 480 lb/acre, or 
1000 and 240 ppm). Sterilized soil was designated as 
Peeatment "MM"; and natural soil as "N." Soil with lime 
added was called "L", and that without was called "0." 
A 2x 2 factorial experiment, with treatments ML, MO, NL, 
and NO, was set up, with 10 pots per seed source in each of 
4 replications. Plants were grown in 16-ounce foam plastic 
Seups, Landomly arranged within replications. Seed from 
ramus Ppungens, P- virginiana, and P. rigida from sample area 
4 were used. Soaked seeds were planted on April 13, 1966, 
aethe Greenhouse and pots moved outside five weeks later. 
Snegune 23, 1966, all pots were thinned to. one seedling. 

Characteristics of the experimental soils at the 
time the experiment began and when half the seedlings were 
harvested in October, 1966, are listed in Table 27. Chemical 


analysis was done by the North Carolina Department of 


Agriculture, using the same methods as for field soil samples. 


To determine whether the response changed with time, 
half of each replication was harvested in October, 1966, 
about 6 months after planting, and the remaining plants in 


August, 1967, at 16 months. 
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Speed of germination was about the same in all 
treatments, varying more with species than with treatment. 
Percent germination was about 10% higher in fumigated soils, 
but equal in limed and unlimed soils for Pinus pungens and 
P. virginiana. P. rigida showed no variation with treatment. 

in-ygune, 1966, the first differences’ between 
treatments appeared. Seedlings in the MO treatment were 
uniformly a much brighter green than other treatments. 
Unfortunately, nitrogen determinations at O months were not 
made. The MO treatment had a much higher phosphorus 
concentration than the others, however, possibly due to 
decomposition of the soil microorganisms killed by 


fumigation. This phenomenon lasted only a short time. 


6-month old seedlings. In the early October, 1966, 
harvest, length of stem and of the largest root were 
measured, the number of branches and of secondary roots 
longer than 1 cm., and presence of mature needle fascicles 
was recorded. After washing, and drying at 67 C for 24 
hours, shoots and roots were weighed. 

Fresh roots were examined for mycorrhizae, which 
were grouped and counted. Rough morphological groupings 
used were type 1) black mycorrhizae; type 2) white, of small 


diameter, usually present in groups with large numbers of 
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highly ramified mycorrhizal tips radiating from a central 
point on the root; type 3) white, of larger diameter, usua 
Single. ore bifturcate; type 4) white;: similar to 3 but of 
smaller diameter; and type 5) dark, otherwise similar to 
eypes 2-5 Type 4: may be an immature stage of types 2 or 3, 


as morphological form and color of mycorrhizae may change 


with age. Type 1 is probably formed by Cenococcum graniformae, 


which has black hyphae from the onset of mycorrhizal 
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lly 


formation (Trappe, 1967). This grouping is admittedly very 


rough), but! precisesenough*to- allow classification of the 


types’ found, and comparison of treatments and tree species. 


Fumigation prevented mycorrhizal formation in 
about half the fumigated pots, with many more limed 
seedlings developing mycorrhizae than unlimed ones, in 
the fumigated soil. These mycorrhizae were mostly types 3 
and 4, with an occasional type 5. Types 1 and 2, usually 
both, were present in all non-fumigated pots, along with 
an occasional type 5 or 3. Types 1 and 2 were in only 
one fumigated pot each. It appears that types 1 and 2 
are formed by fungi present in the natural soil, whereas 
types 3, 4, and 5 are either absent or infrequent, and 
were introduced as contaminants. 

Since the growth of seedlings in fumigated pots 


was obviously correlated with presence of mycorrhizae, 
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Paibal 
data were analyzed separately for treatments N and M. M 
treatments were further designated as inoculated (with 
mycorrhizae) or uninoculated ("I" or "U"). 

Nonfumigated treatments. Results were analyzed 
using multiple regression analysis with single degree of 
freedom contrasts assigned for replications, species, and 
liming, and for all possible interactions. Treatment means 
eeemshown in'“Table 28. 

Height, total weight, and root weight were 
Significantly different between limed and unlimed plants 


and between Pinus pungens and the other species. No 





interactions were Significant. Numbers of lateral roots 
and weight of the top showed the same pattern, but P. rigida 
had values significantly greater than P. virginiana, besides ) 
the other differences. Root:shoot ratio (RSR) showed no 
Gieterences between species or liming treatments, but one 
interaction was significant. RSR of P. rigida and P. pungens 
leereased Slightly with liming, while P. virginiana increased. 
Length of the largest root increased with liming and P. pungens' 
was longer than the other species. Root length of P. rigida 
Showed much less response to liming than P. virginiana. 

The number of mycorrhizae on the root system | 


increased with liming. P. virginiana had fewer than the 


Other species. The number of types of mycorrhizae was higher 
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Table 28 


Selected treatment-by-species means for liming experiment, 
6-month old seedlings. (Under fumigated treatments, the upper 
value is for mycorrhizal plants, the lower for non-mycorrhizal 
plants.) "L"-soils had calcium and magnesium added; "O"-soils 
did not. RSR = Root:shoot ratio. ODW = Oven-dry weight. 











iwenaracteristic P. pungens Ps virginiana P. figida 
L O L O L O 





Non-fumigated soil 


Total ODW (gm) sO 42 ABE) ~26 .48 so 
Top ODW (gm) wes) ey 40) 2S =. PAS Pellfs) 
Root ODW (gm) «26 422 «20 di eas eL6 
RSR E305 2 Tr. i6 i .06 BRE )S) lays) 
# Lateral Roots 19 L5 14 13 17 14 
Length longest 

root (mm) 575 500 450 292 S77, Sa5 
Height (mm) 85 80 74 68 76 66 

# Mycorrhizae PEO o7 OF, Us 16 LOS 

# Mycorrhizal 

Types PG) 22 2.8 PEE) 25 2k 
# Branches dips) Uae: has 4 -o a2 


Fumigated soil (Top value is for mycorrhizal plants, lower is for 
non-mycorrhizal plants) 


Total ODW (gm) =70 54 .39 a2 so .42 
233 .26 .24 .18 .24 .18 
Top ODW (gm) .40 .30 real .15 32, .24 
6 aA 10 .08 a .10 
Root ODW (gm) 230 .24 ere mi |) mS, 18 
xG Pie Pie .09 12 .08 
-RSR 82 .82 .88 79 87 .75 
kO2 .89 eos 1.09 i, 03 .84 
# Lateral Roots 24 18 22 17 22 18 
21 16 21 f7 22 14 
Height (mm) 100 91 85 71 93 97 


63 58 60 51 53 SR! 
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in limed soil than unlimed, and P. virginiana had more types 
than P. rigida. Numbers of various types of mycorrhizae 
were compared also (Table 29). Percent of mycorrhizae per 
plant which were of types 1 and 2, types apparently present 
in natural soil before fumigation, was determined. In 
unlimed soil, an average of 98, 96, and 96 percent of 
mycorrhizae per plant were of these types, on P. pungens, P. 
mirgingangd ,.Cand’Peorigida, respectively. In limed*soil, 86, 
pop and GS percent were of types 1 and 2, in the three 
Sspeeves. Species! differed in percent of these types at the 
Bz tevel, and soils at the 1% probability level. To 
determine any species differences in abundance of natural 
maucoLrenuzal types), the ratio o£ numbers of type 1 to type 2 
was computed for all plants. Although this varied widely 
Bom plant tO plant, Species ditferences in the average 
ratio were similar on limed and unlimed soil. Six plants 
ieee. rigida) tacking type 2, and therefore with” infinite 
Hutos, Were Omitted trom the averages. “P. pungens, P. 
virginiana, and P. rigida, respectively, had the following 
average ratios: 4.61, 3.58, and 8.44 for unlimed soil, and 
Zaa4o, S22c, and 8-60 for Limed~ soris Species dafferences 
are highly significant. However, the absolute number of 
various types of mycorrhizae does change, differently with 


Species. Liming caused no change in numbers of types 1 and 
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2 in P. pungens, but caused an increase in Virginia pine and 
a large decrease in pitch pine (Table 29). Although the 
mnueCraeLTonvoflwspeciesiand soil is notesighificantsforttype 1 
Sremcypen2, “iteisvsignificant for their sum, the»total number 


Qne natural" imycorrhizae. 


Table 29 
Average numbers of mycorrhizae per seedling by types, in 


the liming experiment, unfumigated soil. "L"-soils have 
added calcium and magnesium; "O"-soils do not. 


Species P. pungens P. virginiana BP. ,xnigida 


Type 1 2) OLE a 2. Other if 2 OLWer 
©.soil Lo 22 2 Si. 19 3 84 15 4 
L soil TO 25 16 Gil 25 oma ot, LO 46 


Under the growth conditions of these plants, the 


myCOrehizal,condition,.-as.well,as other,plant characteristics, 








was species specific, and varied with liming. Liming increased 
| 


the total number of mycorrhizae and number of mycorrhizal 
types present, and allowed formation of a higher proportion 
of them by apparent "invaders." It did not change the ratio 
of the two most common and presumably natural types, but 
changed their absolute frequency. 

It appears that adding calcium and magnesium to the 


soil increased most measures of growth recorded for all 
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species and, at the levels used, enhanced mycorrhizal 
formation. The conditions used, a very limited soil mass 
and plentiful water, might have affected the response to 
lime, and this experiment showed only that liming itself 
increased plant growth. Its effects under limited moisture, 
or on drought resistance, would be interesting to know. 

Fumigated treatments. The analysis of these data 
was complex, involving different numbers of inoculated and 
uninoculated seedlings. Data were treated by using a 


series of multiple regressions run with factors in different 


orders Sums of squares for different factors and interactions 


Corrected «for the appropriate other factors, were extracted 
from the regressions and used in an analysis of variance 
table. Treatment means are shown in Table 27. 

Lime, and especially presence of mycorrhizae, 
significantly increased total weight and root weight. Pinus 
pungens was heavier than the other species. Shoot weight 
showed the same pattern, with P. rigida significantly heavier 
than P. virginiana also. P. virginiana had a much higher 
RSR than the other species. RSR was increased by lime and 
decreased by presence of mycorrhizae. One Significant 
interaction indicated that absence of mycorrhize increased 
RSR of P. virginiana more than that of the other species. 


Mycorrhizae increased height, with lime showing no 





ens 
Igsid«axooym beonsdte) . beep a: 


2esm Iioe botimil yreov 6 beam 






at senogest edd besgoetts oven dripion ,2 
yileest prtmil tedt yfao bewore jromkregne ® 


sxotetom besimi! sebaw etoetie adi » .iewospegt 























Be: 


wont of pniseexetni ed Bbivow ,Sonstekest 


=> 
. 





sisb saeds to esieyfsas off .stnemstse ts Sess 


a 
1. oo 
= 
(@ 


sts betslyoont to saredmn staeTe*tLb pubvLowat43 

. bane 

5s pates yd bscsexs emsw Sind oputibess: a3 
susesziib nk exortos? A.W out eno Lee xpot sigtsi rt 
»1oitosvetink bas exodust JaerTsilIb 102 Seteups 20 | 
bojostsxe Siew .ezod9Bt zedto etertqotgqgs ea} got 
onmetisy to aleyisns me mL beau bas snolssstps® 2 

US side? ai nwore o1s ensem snsmtesst 

ossintzxooyn to sonesesq yilstosqes Das ombd 


“it .tdpiew stoox brs toietew Isj0y beasszont yiss 


tiprew soord’e .aoivege xusdgo edt asdt zeivesh Baw" 





- ‘ 
_ 


‘som ylgmsoiiiapke sihipix .2 d3iw .mtedssq omse ens me 
copia foum 5 bs snginkpsty .€ .oets Susinipriv .2 
bos emil yc bsesetont asw dea .setoeqe ‘sete sd> asiy 
jusotiinpte enO .essidwtooyr to sonesexq yd beeseg 


beessionl ssid@tiooym to soneads Pads bossotbnt nolsiosxt 


ssiosqa stedgo sd3 Yo sss neds exom Basinipsiv 4 Ro 3 
: i 


on patwore omit dtiw ,diphert BiebexSnkh essidrzooye 


\ 
-— 


_— 2. 








216 
effect. P. pungens was taller than the other species. 
Absence of mycorrhizae reduced height of P. rigida more 
than that of P. virginiana. Lime, but not presence of 
mycorrhizae, significantly affected the number of lateral 
roots. The number and types of mycorrhizae were not analyzed. 
However, liming fumigated soil increased the number present 
and the percentage of plants with mycorrhizae. 

All treatments. Analyses run on all data indicated 
Phat P. pungens and P. rigida had larger .percentages of 
plants with needle fascicles present (53 and 45 percent) 
Egan PP. virginiana (11 percent). Liming had no effect. 
P. pungens develops almost 1.5 branches per plant, compared 
ich .9 £0r BP. virginiana and 0.5 for P. rigida. Plants 
in limed soils have almost twice as many as those in unlimed 


soils. 


Survival at 13 months: On May 18, 1967, remaining 
plants were scored for survival. Analysis of number 
of seedlings surviving indicated seedlings in limed and non- 
fumigated soil survived better. There was no significant 
interaction or difference between species. Means are shown 
in Table 30. The survival in fumigated soil is probably 
highly correlated with the establishment of mycorrhizae. 


Those seedlings without mycorrhizae seldom grew beyond the 


"rosette" Stage, with a tuft of primary needles just above 
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the cotyledons. 


Table 30 


Peseent survival for liming experiment, after 13 
months. "L"-soils have added calcium and magnesium; 
"O"-soils do not. 





Species Treatment 
Fumigated Unfumigated 
O L O L 
P. pungens 24 89 100 100 
P. virginiana 40 95 100 95 
P. rigida 32 74 77 92 


Shoot growth at 16 months. In August, 1967, the 


Surviving plants were harvested and height and oven-dry-weight 
of the top determined. Results were similar to those found 

Be eG Months. Height and top weight differences were larger, 
but in about the same proportion, in most cases, as at Six 
months. The only major difference was that Pinus rigida 
showed a definite height increase due to liming in the 


fumigated treatments, which was not present at six months. 


Discussion. Some soil chemical properties changed 
in the first six months, with pH and calcium content, and 
especially potassium, decreasing. Organic matter, magnesium, 


manganese, and phosphorus all increased. Uptake by the 








‘ 
“are? 
i! Cee 


-‘agreale 
\ 


O& sideT 


We rstis ,snemiuegxs primi od fevivewe 
iesapem one mrlolso. saeinn eved. 






















LOLs Aa 


1 # 
a gn 
\ 
\ 


‘ 


snemisetT 








betspimuy2 aU bsispinw% 
J o J 6 
eS Se dor es 86s 
ae oot ee Ob 
ce at av se 
Sif 92 ,tevpwA al  .addnom of 36 
tripiow-yrb-asyo Das 


A) 
eS 


ad bas betasvred es)ew esnelg 
‘2 
islimie exsew etivesht 


benimretsbh goz : 


= 
(ew esonerelaib tripiew got Sns tdpish 


6 @S ,asesD teom ak ,noiseogotqg omse edt dvods 


. ecignom 
. —_ 
: at 
— 
shipits apnsd tedd Saw eoneseR2ib totsm yino off. 
eit ni poimil ot exb sesetcnth tdpted osintteb = 
adtcom xie ts sasestq gon sew tote 
sons 


senate 3S: 
Le 


~ #= 


soisxsgoxq Isoimerio [Loe amos 


soteauoetd 
teetmoo myioiso bus Raq déiw ,ed¢aom xia textt 
zonpem , 163: 


Yos3sm DLiEepTO 


-pniessxoeb vas teastog vitets 
id vd etesqu _beesssomt Lis curocgaosty Bae 


we 


———— 


~@ 
‘s = 








24S 


plants, loss by leaching, and changes in availability 
(absorption on or incorporation into soil particles, changes 
in chemical form with pH change, or further breakdown of 
agricultural lime) may account for this. 

Addition of lime to unfumigated soil caused somewhat 


smaller increases in weight, height and root length of Pinus 


pungens*than of the other species, although this difference 
was not statistically significant. Lime caused largest 
ehnanges in -reet systems of P- virginiana and shoots of P. 
rigida. Types of mycorrhizae and changes caused by liming 
appear “tobe Uspecies characteristics. The situation in 


fumigated soil was similar in some ways. Although liming 





caused more robust and apparently healthier plants of all 
species, Table Mountain pine may have derived less benefit 
prom slerthan “the other species. 

Differences between "I" and "U" plants in fumigated 
soil illustrated the common observation that pines need 
mycorrhizae to grow in poor soils. Trees with mycorrhizae 
were taller, heavier, and have more shoot weight per unit 
root weight. P. virginiana did, relatively, the best without 
mycorrhizae. The weight of other species more than doubled 
with mycorrhizae, while P. virginiana increased by 50-60 
percent. Similar height differences occurred. The number 


of lateral roots, which increased markedly in fumigated soil 































yvtilidsiteve ai eepneris bas. .paidosel yd" ee 


ie 


a 
aspasio ,selottxeq [toa opnk noitsroqzesnt to mo &£ 


so pwoblsexrd xedyav3 10 .spmed> Hg nsiw oot = 3. 


wre 


aid? 20% #fibosoe ysm Womer Ta 

& 7 

+srwemos beauvso Lios besepimiay of emil 20 moisiBBa 
ay 


” 


apatg io dtpasi toox bas tdpied .tiphew ak ssesoront 
fe= 

sonsusetib eindt dpuodsis ,esioege tedjso sad 20 °RREee 
joepisl beavso emkI .dnsotiinpre ylisoise: a 3 ¥ 

1 io etoofle bas sagtaipatv .¢ 20 emeseye COC wis 
heise): 


onimil yd Bears espasio bus essintrsooym io e9gyr : 
2 7 — ~~ 


noisenti2e off  .eoksekxesosxsdo esiosge sd em 


paikmil dusefslA .eysw omoe ni 2siinte ssw Lioe Ded 
i. ne 
Bs Joslq xsidtised yljasiteggs bas tavdoir Sse 
is f 
— . : a alt 
tieued casi bevixeb sved ysm eniq aissnvoM SIdSE Fam 


. _ = 
.esioege rsdto sit ast 9ey 


hetspinw2 ai etnelq "U" bas "I" neawied soonesisi3ig = = = 


*6@ 


wen eenig tedt sotsteyreedo- mommco edz bessisevlle & 
ijiw acezt?T .elioe s00og al woip oF pee Ser: 
jdpisw toone s1xom sved bus , xeiveedt xeliss 6 
iw teed odd ,yfevisgsies .brbh sastabpsiv .g .tdpiewa 
ideot ngdt+ osom sotoeqe sete to diptew eff Jssaids 
2 yd bessexuni sneititpsty .2 Ssiinv \ossidvxeoym 
-oduen eff .Besxvooo- esotstet Sis Siphon xelimie .20 


7 


[los betspiow3 ot ylbetsem Stessvonk Woidw yesoor Isxe264 








219 
and increased with liming, was unchanged by the presence 
ofsmycorrhizae:. 

This experiment illustrated species differences 
besides reaction to liming. Table Mountain pine, as expected 
from its larger seed, had the tallest, heaviest seedlings, 
with the longest root and the most lateral roots and branches. 
It seemed to develop needle fascicles earlier than P. 
virginiana. 

The response of root-shoot ratios (RSR) varied in 
this experiment. P. virginiana RSR varied directly with 
seedling weight in all cases, similar to the reaction 
found by Ledig & Perry (1965) for 60-day old P. taeda. 

BS @igidai:followed this» pattern, in fumigated, soils, only. 

P. pungens followed it only in the absence of mycorrhizae. 
The sign of the correlation between RSR and weight was also 
mee directly related to the plant size. There seems to be 
some confusion about the relationship of RSR and plant weight 
Of pines. Ledig & Perry (1965) state unequivocally that 
"sShoot-root ratio decreases with total plant weight for 
woody plants", (i.e. root-shoot ratio increases with weight) , 
but consider mostly experimental data from even-aged 
seedlings. They conclude that the departures from this 
allometric growth relationship are caused only by "drastic 


treatment" and emphasize that care must be used in 
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interpretation of root-shoot changes from experimental 
treatments. Monk (1966) found the opposite relationship 
with larger trees (of different ages?) from natural stands. 

It appears that attempts at interpretation in the present 

case may be futile, with the complicating factors of 

limited space for root growth and the complex relationships 
discussed above. It may be possible to say, however, that 
mycorrhazae increase the efficiency of water or mineral 
aesOrpelon; ias' thas often been found, since the interdependence 
Be root and shoot tends to maintain a relatively efficient 
balance between the two plant parts (Kramer & Kozlowski, 1960). 
Also, it can be at least suggested that Pinus pungens seemed 


to maintain a somewhat more stable (or less adaptable?) root- 





SHOOt Latio than the other species. 


Effects of Temperature 


The distribution of Pinus pungens, which is limited 
mainly to the warmer slopes where it occurs, Suggests that 
the species is limited by temperature. On a larger scale, 
it is relatively abundant in the Valley-and-Ridge province, 
but has been found in only a few locations west of the 


Allegheny Front in West Virginia, where temperatures average 
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6 to 7 F lower and growing seasons are shorter (Clarkson, 
1966). It is also quite rare on the Piedmont Surrounding 

the monad_nocks where it occurs. Probably, effects on 
different phases of the life cycle, some at high and others 
Below temperatures, help limit its distribution. The 

effect of temperature on reproduction and seed germination 
has already been discussed. Its effect on early seedling 
development and later seedling growth and characteristics 


were investigated also. 


Early seedling development. Seedlings were grown 


in the soil troughs of the temperature gradient bar and 
chamber used for germination experiments. Coarse white 
sand in plastic sandwich bags was placed in the trough. 

mae 11 bags used in the gradient were separated by plywood 
Gayeders. Temperature measured 1 inch deep in the center 
of each bag with a thermistor probe was used as the 

Station temperature for that bag. Water was added as 
necessary to keep the sand wet to the top. Germinating 
seed was placed just below the surface of the sand. Equal 
numbers of seeds of each seed source or of each species 
were placed in each bag, in 3 rows parallel to the direction 
of the temperature gradient. Position of row for each seed 


source was randomized in each bag. 
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In the first two experiments, seedlings were allowed 
to develop for a given time. Length of hypocotyl and geen 
were measured, average dry weight per plant was determined 
and the species scored for stage of development. Seeds of 
three species were used, from area 4 and from Smith Mountain, 
Virginia. Dry weight, root length, stage of development 
reached, and, from Smith Mountain, hypocotyl length, varied 
with temperature. Species differences existed jontwaes 
hypocotyl length. Patterns of dry weight suggested that 
the light gradient, from high at both ends to low in te 
middle, affected seedling growth, as average light intensig | 
was only about 500 ft.-candles (Barbour & Racine, 1967). 
Similar results were found with Larrea (M. G. Barbour, 
personal communication, 1967). Therefore, only very Garam 
development was used in later experiments, so that photo- 
synthetic differences would have manimal, eifect. 

In experiment H4, seedlings were allowed to 
develop until their seed coat was pushed off the cotyledons 
a period during which most dry weight accumulated was 
presumed to be from reserves stored in the seed. Age, lengtl 
of root, and length of hypocotyl were recorded. Seeds 2am 
three species were used, from Area 4 and Smith Mountain. 
Six seeds of each species from one source were planted in 


each bag. Which trough a certain source at a given 


L 
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temperature occupied was randomized. Seeds, before transfer 
to the troughs, had been on sand at a common temperature 
until a majority started to germinate. Seedlings were 
removed at least daily as they developed. Data from the 
first five seedlings in each species-source-temperature 
group were used, where all six did develop. [In other 
groups all were used. 

Multiple regression techniques were used to 
determine the effects of source, species, and temperature 
on length of root, of hypocotyl, and total length, the 
ratio of hypocotyl to root length, and age when the seed 
coat separated. When data from sources were analyzed 
separately, significant differences between Pinus pungens 
emda the Other species, and between P. virginiana and P. 
migada, were found for all Length measurements at area 4. 
At Smith Mountain, P. pungens differed from other species 
in age and in the length measurements. P. virginiana was 
Puiseerent from P- rigida only in root length. 

When species were analyzed separately, P. pungens 
Warted with source for age only. P. virginiana sources 
varied in all factors, and P. rigida in hypocotyl and root 
length, and in age. Regression lines of time-to-develop 
(age), root length, and ratio of hypocotyl to root length 


On soil temperature are plotted in Fig. 26. 
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Bagume 26. Response of early seedling growth to soil 
memperature. Temperature at centers of experimental stations 
shown by arrows on the temperature axis. A = area 4 and Smith 
Mountain data pooled, 4 = area 4, S = Smith Mountain, B = 
mee speecics at area 4 pooled. Solid_.Jine = Pinus rigida, 
@ished line = P. virginiana, dotted line = P. pungens. a) Time 
for seedlings to develop enough to shed seed coat. b) Root 
length at time of seed coat shed. c) Ratio of hypocotyl:root 
ieegth at ‘time of seed coat shed. 
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Groups of data with no significant change with 

temperature are not plotted. Lack of significant variation 
with temperature by P. virginiana from Smith Mountain might 
have been due to poor germination, causing small sample 
cuzeno ROOLS Of BP. rigidanwere shorter than those’ of 
Sener ispeciesiat almost’ all temperatures, but) it appeared 
to be lesspatfected by temperatures’ than the other) species. 
P. pungens seemed to be most affected by temperature, having 
a cmOortver rootwthans P| virginiana at: high and, low ienpaaeeet 
and a longer one from 16 to 28 C. Minimum hypocotyl to root 
length ratio occurred about the same temperature as maximal 
root length (since hypocotyl length varied little with 
temperature), except for P. rigida. 


Lengths o£| root: would seem. to be important in early 


seedling establishment on dry, warm slopes. This would 





make P. rigida appear to be at a disadvantage on these 
areas. A minimum ratio of top size to root length, especially 
during seedling establishment, would also seem to be the 
optimal condition for surviving on drier areas. If the 
hypocotyl to root ratio estimated this, it appears that the 
other species would be favored over P. rigida at higher 
temperatures. 

The experimental conditions of adequate (possibly 


excessive) water, relatively nutrient poor substrate without 
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natural microorganisms, constant temperature, dim’ light, 
and an air temperature gradient less well-developed than 
that of the soil could radically alter responses from 
those found in the field. However, knowing the species 
characteristics and presumed temperature responses shown 
here should give at least some clues to the natural reactions. 

Experiment H3 compared three sources of Table 
Mountain pine used in germination experiment G8, areas N, 
Heond B. It was carried out similarly to H4, except that 
a different temperature range was used and oven dry weights 
were determined. Five seeds of sources F and B were used. 
Seed from N was limited and only three seeds per station 
were available. Data from all seedlings reaching the stage 
eft losing the seed coat were used. 

NGO Statistical dafiferences between sources were 
found. Regression equations with temperature were computed 
Ber ak! Characteristics and all sources. Regressions o£ 
Sharacteristics changing Significantly with temperature are 
shown in Fig. 27. Age changed significantly with temperature 
ae all sources. Root, hypocotyl, and total length varied 
Significantly only for source F. Hypocotyl:root length 
ratio and seedling weight showed no significant change with 


temperature. 
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Figure 27. Response of some seedling characteristics of 
P. pungens to soil temperature. a) Hypocotyl and root Tenge 
area F. b) Time for seedlings to develop enough to shed seed 
Coat, areas N, 2 nds B. 
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Experiment W: inkeractton of Timing and temperature. 


Methods. Distribution depends not only on seedling establish- 
ment but also on later growth-and survival. To investigate 
reactions to cold by older plants, seedlings were exposed to 
low temperatures after initial establishment and growth in 
the greenhouse. Soil from the six-month harvest of the 
liming experiment was used. Keeping limed and unlimed soil 
separate, all large aggregates were broken and the fumigated 
and unfumigated soil thoroughly mixed and placed in 16-ounce 
foam plastic cups wrapped with aluminum foil. Soils were 
designated "L" and "O" for limed and unlimed. Chemical 
characteristics of soils are shown in Table 31. Half of 
€ach Soil group was designated "N", and the rest "S", for 
the lower and higher temperature treatments. Twelve seed 
sources were used, two trees each of P. pungens, P. 
virginiana, and P. rigida, from area 4 and Smith Mountain, 
Virginia. Four cups of each tree-source-species-—temperature- 
soil treatment were used. Three seeds, soaked for 24 hours, 
were planted in each cup on February 3, 1967. Data from 

all seedlings were used. On April 21, all plants were 

moved into a controlled temperature chamber constructed 

from an island-type food freezer, described in detail by 


Billings et.al. (1968). A fourteen-hour light, warm period 
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Chemical characteristics of limed (L) and 
unlimed (0) soils from temperature and liming 
experiment (Expt. W). Means of 4 determinations 
+ 1 standard deviation. 


Charactermstic Soil 
L O 

pH 5.64.3 4.5+.1 
Organic matter (%) 2. 754.31 2.90+.13 
Calcium (lb/acre) 1568+244 328+40 
Magnesium (lb/acre) 339434 61+11 
Potassium (lb/acre) 101+0 101+0 
Phosphorus (lb/acre) 0.0+0.0 0.5+1.0 
Manganese (lb/acre) 7 Otad 4.0+0 
Nitrate (ppm) 4.254+2.41 1 F00+O 00 


Ammonium (ppm) 7 DOt 5S 7.25+.58 
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was used, with maximum temperature during the light at 77 F 
(25 C) and minimum during dark period of 60 F (15.6 C). 
After May 12, photoperiod was reduced to 12 hours and 
temperature gradually lowered. On May 23, height of all 
plants was measured, and the low-temperature group placed 
toa Simitar Chamber. “Plants were watered every two days. 
Air and soil temperatures were measured with Moeller 
thermographs. Due to mechanical problems, "day" temperatures 
inthe Warmer chamber varied more than expected, reaching 
82 F one day. Mean maximum light period temperatures for 
the warmer chamber were (+ 1 standard deviation) 64.6 + 7.0 F 
eee im the air and 65.8 + 6.1 F (18.7 C) in the soil. 
Mean minimum temperatures for the dark period were 42.5 + 
Per ts 35 C) and 44.5 4.1.7 F. (6.9 C). In the colder 
Chamber, maximum temperatures were 56.0 + 1.8 F (13.3 C) and 
64°72 4+ 1.5 F (12.3 C) for air and soil, and minimums were 
fee eee 2 eC) and 33.2 +.1.5 F (0.7 C). Light 
intensity at plant level varied between about 1700 and 2000 
foot-candles. Plants were harvested from August 15-18, at 
6-1/2 months old, after almost 3 months at different 
temperature regimes. Height and length of longest root 
were measured, and oven-dry weight of top and root determined. 
Since the most noticeable difference in plants was color, 


the percent of green needle surface was estimated. The 
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number of spirals (approximately whorls) of dead, dry 
needles at the base of the crown was counted. Results 
were analyzed by analysis of variance technique. Multiple 
regression analysis was also used to break significant 
faeceOrs and interactions into individual degrees of freedom 
for more detailed analysis. In regression analysis, number 


of plants per pot and original height were used as covariates. 


Results. Means are in Table 32 and F-values for 
analysis Of variance are shown in Table 33. "Environment" 
Pa ecuperatmre by Soil treatment. "Trees" represents 
iienpGitfernence between the two mother treesiof-a species 
from a source, and iS a measure of intrapopulation variation. 
in al¥ cases, values analyzed are the means of all seedlings 
PModimindividual pot; “The analysis of variance represénts 
the results of the total growth conditions on the plants. 
The regression, in which height before temperature treatment 
is used as a covariate, comes closer to representing the 
change during temperature treatment. Results of the 
regression are discussed below. 

Height: The covariate, height-before-treatment, 
removed most of the differences between species and sources 
shown as significant in Table 33. Little change in height 
occurred during treatment. Liming alone was significant 


(5% level) after effect of initial height was removed. It 
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increased height. Area 4 seedlings of P. rigida and P. 
virginiana were taller, and those of P. pungens, shorter, 
than those from Smith Mountain. P. rigida was generally 
Shorter than the other species. Only P. rigida grown at 
high temperatures on limed soil was as tall as the other 
Species. 

Root length: Nuinber of seedlings and height before 
treatment removed most of the root length variation. Species 
growth during treatment was not significantly different. 
Overall, P. pungens seedlings had the.longest roots (26.1 am) 
pod P. virginiana the shortest (20.6 cm). Liming decreased 
root length (21.9 cm compared to 24.5), and temperature 
Sight tcantly increased it for area 4 seedlings. 

Root weights Root weight, after correction for 
seedling number and original height, differed by species, 
liming and temperature. Liming and low temperature decreased 
root weight. P. pungens was heavier than the other species, 
especially at Smith Mountain. 

Shoot weight: Liming and temperature differences 
were not apparent after the variation associated with the 
covariates was removed. P. pungens is heavier than other 
species, especially for the Smith Mountain source, and 
Be tagida is heavier than P. virginiana. 

Shoot/root ratio: Species differences were not 


significant. Liming and low temperatures cause less root 
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per shoot weight for all seedlings. 

Total weight: No differences in total weight were 
found between treatments after initial height differences 
were accounted for. P. pungens is heavier than the other 
species, especially from Smith Mountain. 

Number of dead needle spirals: This factor 
increased with liming and high temperature. P. rigida 
had the highest number (average 1.7) and decreased the 
most with lower temperature. 

Color: Color interpretation differs somewhat 


depending on species. Seedlings from the sources of P. 





weeginiana used seem to lose green color in winter normally, 
mee tne Other Species do not. Thus, loss of "greenness" 
Myer. Virginiana cannot really be compared with the other 
Species. ft usually turns a bright reddish purple, 

Sempared £O a dull grayish purple for the other species in 


the experiment. Low temperature caused loss of green 





(21% green compared to 62% at high temperature). P. rigida 
is 20 to 35% green, on the average, for treatments at low 


temperature, and 41 to 63% at higher temperatures. P. pungens © 
| 


is 28 to 35% green at low, but 77 to 89% green at high 
temperatures, thus suffering a greater loss of healthy- 


appearing tissue at low temperatures. 
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Discussion. Variation within the species populations 
meee sounce (i.e. that due to "“trees") is significant for 6 
of 8 characteristics considered. 

The low temperature treatment caused reduced root/ 
shoot ratio, reduced total weight and reduced green coloring 
and dead needle whorls. 

Generally, liming at these temperatures increased 
height, top weight and the number of dead needles. It 
Geereased root weight and length, and rootsshoot ratio. 
mes G€LLecCts On root weights and root:shoot ratio were 
generally opposite those found in experiment C, which grew 
ae Outside temperature and light conditions. 

Species differences were similar to those found in 
experiment .C...No.different responses of. species. to 
temperatures or liming were significant in total regressions 
or analysis of variance. The differential response of 
P. pungens and P. rigida color to temperature was not 
analyzed as such, but it appears that P. pungens is more 
affected by low temperature than P. rigida. Experimental 
conditions were such that no large differences occurred 
between species responses. A higher light intensity might 
have helped to cause such differences. If photosynthesis 
were less light-limited, temperature differences might have 


been more apparent. 
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Some differences between sources within species 
occurred. Within Pinus pungens, Smith Mountain plants were 
taller, but had a shorter and, in unlimed soils, a heavier 
root system. Liming increased height less and reduced RSR 
more in Smith Mountain than in area 4 seedlings. Virginia 
pine from Smith Mountain lost less green color, at least at 
high temperatures. Roots of area 4 seedlings were longer. 
Liming increased number of dead needles more in Smith 
Mountain than in area 4 seedlings. Pitch pine sources 


showed almost no differences. 


Bud Formation and Growth Resumption of Seedlings 


Bud formation and time at which experimental seedlings 
began growth was observed in 1967. Experiment D plants, 
Sa@essae Since April, 1966, were moved into the greenhouse 
gamnuery O-1l1l, 1967. Plants were moved by replications, so 
all seed sources were treated alike, on the average. On 
January 28, terminal buds were scored as follows: 

1 = no bud apparent. 
2°= green bud-like structure with no scales. 
3 = bud, scales poorly developed. 


4 = well-formed bud, well-developed dark brown 
scales. 
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Each plant (20 per mother tree) was scored. Means 
and standard deviations of the rating are shown in Table 34. 
Pinus virginiana had less well developed buds than P. pungens 
or P. rigida. P. pungens showed no large differences, except 
that the most southern source had the least developed buds. 

Experiment D seedlings were examined to determine 
which ones had begun terminal elongation, on February 19 and 
Beeemerch 3, £0, and I8, and April 1. Results are plotted 
iat. 26. Sources are numbered as in Table 34. The 
greenhouse was heated to a minimum temperature of 55 F at 
Mgnt and 7O & during the day» No lights ‘were left; on after 
sundown, but lights in neighboring greenhouses and 
incidental use of the lights at night may have caused an 
effective photoperiod longer than the natural one. 

Pinus virginiana obviously began growth earlier than 
the other species. Areas 4 and 1 were ahead of the other 
sources of P. pungens. Although they are quite close to 
each other, area 1 is on Moore's Knob, a monadnock separated 
from the Blue Ridge, where area 4 is located. The areas 
have no common features suggesting a different behavior than 
bhe Species from other areas. 

P. virginiana seedlings differed somewhat from 
the other species in bud set and growth resumption. 


Conditions were not controlled, so no statements regarding 
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Table 34 


Condition of buds on experiment D seedlings with 
Standard deviation of the rating (n = 20). 1 = no bud 
formation, 4 = best-developed buds. T = Pinus pungens, 
WV =]= PP. virginiana, P = P. rigida. 


Source (Area. Latitude Elevation Avg. bud 
Tree Number) Species (degrees) £e. -(m) rating 

BB Tm 34.5 2450 2.441.3 
(747) 

9.2 7 36 3450 3.6.4 O37 
(1052) 

ae ul 36.5 2415 Sat t Oso 
C37) 

eo 7 D8) = OS 

1 1.9 + 0.8 

Al uy 37 3220 3.3 + 0-8 
(982) 

4.6 ay 333 +059 
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4 V 1.6 + 0.6 

4 P 3.3 % ie 

27 ad: ny 38 2900 35 + OF9 
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Figure 28. Number (of 20) of l-year old seedlings 
resuming terminal growth by a given date. Data for Pinus 
pungens from area 4 are the means of seedlings from 3 
trees; from areas 1 and 27), ef these rem 2 teees- 
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the factors to which it responded differently can be made. 
P. virginiana appears able to take advantage of the favorable 


change in temperature more rapidly than P. pungens or P. 


migida . 


Seedling Height in Relation to Source Latitude 


seed of P. pungens from several sources was planted 
Doyen - 966, in 66-inch plastic pots in area I soil. 
pevetat plants per pot grew. Seedlings, left in the green— 
house, Showed only one flush of growth during 1967. Time 
©f bud) break varied widely, but was not recorded: Seedlings 
Of several sources, in Similar pots and soil were planted 
Januany 29, 1966, but kept outside after May 13. Height 
of both groups, measured in January, 1968, is plotted over 
tattreuede of the source in Fig. 29. 

Among the greenhouse-grown plants, a good relation- 
ship between height and latitude of origin exists. The one 
aberrant group, from about 36 N, is from 4300 feet elevation, 
over 1000 feet higher than the other sources in the group. 

Plants grown outside showed a less direct relation- 
Ship. The tallest sources were from northern and central 
Tennessee and the shortest from area 24, the same source 


as the shortest greenhouse-grown plants. A latitudinal 
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Figure 29. Height of seedlings grown in 6-—inch places- 
pots in area I soil, + 1 standard deviation, as a functr1en ies 
latitude of seed origin. Number of seedlings in Gach mean 
shown beside means. 
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Gradtent in height growth of several provenances of Pinus 
taeda grown in northern Florida was found by Perry et al. 
(1966). Increased daylength supplied by floodlight removed 
Only part Of the variation that)theyyfound. Another study 
showed that cold-climate sources of P. taeda grew well only 
wheres thney were local. Except in the coldest planting sites, 
sources from areas with higher rainfall and warmer winters 


grew fastest (Wells & Wakeley, 1966). 
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IX. DISCUSSION 


This study has outlined some conditions associated 
with the sites where Pinus pungens occurs, and compared 
Characteristics o£ the’ species with those’ of* competing pines. 
Observations and experiments indicating the possible importance 
Of Several environmental factors and plant characteristics 
in Petermining the distribution of the species have been 
BepOT ted . 

the use of single factors of the environment to 


explain) the distribution of'a plant species is condemned by 





Gaan (9442 5. 18);- "It is erroneous, then, to speak of a | 
Single tactor as being Limiting..." However, others treat 
the holocoenotic concept of the environment somewhat 
aifferently, recognizing the simultaneous interaction of all 


factors and the plant, while maintaining that a single 





factor may impose the ultimate limit of distribution at a 
given place and time (Billings, 1952; Mason & Stout, 1954). 
In the present discussion, the latter viewpoint will be 
accepted, and the place, time, and mode of action of factors 


(249) 





woteauserd . xr > wil a 


noitifiace smoe bentiguo esd ybose 


u 
u 
r 
& 
@) 
wy 
a 
in 
m@ 


reqmoD base ,exu000 SHepaig eyasd eTeiw Be 



















onisesqmos 20 seont Adiw asioegqe sis 30 eofss. 
samk gidiesoq sit pniteotbni esnemiteqxe bas enolssi 
oigatissosisio insiq Sas erot¢ost Istaseamoztvas Lem 


need oved asloege sdj 20 moisudiagalb edd pata 


tnamnorivas silt %o axodos? sipate io sev eat 
sonmebnoo ek aestosqe tasiq 5 to noisudixselb en7 
%o x~ssq + gens .guosmorrs ek 31" (B81 .q 28828) 
soxs atedt6 ,iIsvewoH ” ..pnktimil pabed es xojzosi of ond 


isdwomoe snomnorivne edd to tqsomos olsonsooolod @ 


so noltosteini eucoenstiumie' odd paistapeoes , yisaexeas bk 


re 


olpnte s t6d¢ pnitntssaiem eltdw ,taeig edj bas etotogs 


oltudiiseib 30 gimil etemisio edd seogmi yem xc 


in 
o 


~ 


(bee) .jvos2 a noes -S@OLl . aprile) emis bas eosiq neve} 
od [liw juioqwsiv sedtsel eft ,nobaaspoelb tasesiq Sia 18 


‘562 0 nottos 20 sbom Bus yemie .eoslg edd bas ,besqenl 


(@£S) : 





hypothesized to be limiting will be specified. 

The limitations of the data upon which these 
discussions are based should be kept in mind. Many inter- 
specific comparisons, especially those involving seedling 
physiology, are based on progeny from one or two trees from 
one ‘or two; areas. Plants were grown under conditions greatly 
dp@pteringstiromithosesin®’the field: Any “physiological 
darhenrences found can beyrat best; “suggestiveso£irreal 
differences. More sources and larger samples would be 
necessary to confirm them, and comparisons with observations 
of natural, seeded, or planted seedlings in the field should 


be made. 


The Environment of Table Mountain Pine Stands 


Pinus pungens stands occur most often on southwest- 
facing slopes, at the mid-elevations of the Appalachian 
Mountains and on outlying monadnocks. The species appears 
almost restricted to non-calcareous rocks, usually those 
on which exposed topographic situations develop. Soils 
are shallow, rocky, acid, and poor in nutrients. These 
sites are warmer and drier than those on other aspects, or 


those with less exposure or with deeper soils. Differences 
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25a 
in temperature and vapor pressure deficit between these 
stands and adjoining forests increase on the hotter and 
drnxerniday's:. 

Differences between Table Mountain pine stands and 
adjacent "oak" stands on shale are not the same as the 
differences between pine and oak stands which occur on other 
substrates. Pine stands have more "potential solar beam 
irradiation" than oak stands, in December in stands on 
shale but in June in non-shale stands. Pine stands on 
shale have less calcium, potassium, magnesium, and manganese 
in the topsoil than do oak stands on shale, and have less 
calcium and magnesium in the subsoil. Non-shale pine stands 
have less magnesium in topsoil and nitrate in the subsoil 
than oak stands. Soils formed from shale under pine stands 
have a lower pH than those under oak stands on shale. 

Almost all Table Mountain pine stands sampled showed 
SHgns jOfL/one; or mores, fires; asescars on- trees): charcodirin 
the soid,, burnedy bark,,and: charred Logs:.)\. Patcheseof»even= 
aged trees in many stands were probably the result of fire. 
The only recent burn seen (area 10) killed Pinus pungens and 
P. rigida on the top of a small lead, but did no damage in 
the draws on either side. Fire appears to be more frequent 
or damaging on sites occupied by Table Mountain pine than on 


adjacent areas. 
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The location of some stands containing Table Mountain 
pine, on the middle slopes of the mountains, corresponds 
with the location of the "thermal belts." A correlation 
between such mid-slope areas with higher minimum temperatures 
than on higher or lower slopes was found by Billings (1954) 
with the pinyon-juniper zone in western Nevada. This 
temperature inversion phenomenon causes a zone where frost 
frequency and duration are reduced, perhaps enough to allow 
the pine to survive, while it could not above or below. 
Inversions in North Carolina are most common and best 
developed in April, May, and November (Cox, 1923), periods 
when they would be of most benefit to P. pungens in terms of 
preventing frost damage to reproductive processes and young 
growth, and allowing early bud break and early-and late- 
season photosynthesis. 

Differences in vegetation were also found between 
Table Mountain pine and oak stands. Quercus prinus, Carya 
spp., Cornus florida and Hamamelis virginiana were less 
important in pine than in oak stands, while Pinus rigida, 
P. virginiana, Q. ilicifolia, Gaylussacia baccata, Pteridium 
aquilinum and Tephrosia virginiana were more important in 
pine stands. 

Since the environment of an area is best integrated 


by the natural vegetation present (Billings, 1952), known 
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characteristics of plants which were more important ina 


given type of stand may suggest which environmental differences 


between stands are most important. For example, Pteridium 
aguilinum, with higher importance rating in pine stands, is 
noted for its occurrence on burned areas (Clarkson, 1966), 
and is fire resistant due to deep rhizomes (Dansereau, 1957). 
However, it is susceptible to frost (Watt, 1950). 

The Gaylussacia baccata-Vaccinium vacillans-v. 
angustifolium synusia, found intact or in part with many 
Table Mountain pine stands, is associated with acid, well- 
drained soils on Long Island, in areas which have considerable 
illumination .(Reiners, 1965)... This synusia is able todo 
well where frequent burning occurs. 

"Habitat adaptation numbers" assigned to species for 
upland New Jersey (Buell et al., 1966; Davidson & Buell, 1967) 
indicate the types of sites on which these species are found. 
Species associated or more important with Pinus pungens 
stands (Table 12) were given the following numbers (1 = most 
xeric, 10 = most mesic): Pinus rigida, 1; Quercus coccinea, 
2p ibe bullayslenta 7 57) O..) di cifol taj py: 2). 5;\ Gaylussacia bacacata, 
1; Pteridium aquilinum, 3.6. Species negatively associated 
with pine stands, or of less importance there, but present 
in neighboring stands, were assigned adaptation numbers as 


£Ol1 OWS, ~¢ O:) PLINUSi ~~ 2 my~pGarya spp. «;5;, Cornus Llorida,, 7; 
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Hamamelis virginiana, 8. Chestnut oak, although more 
important in oak stands, is also important in pine stands. 
Betula lenta, however, is not common in pine or oak stands, 
although it is more important in pine stands where it is 
present (Table 9). Species associated and dissociated with 
Table Mountain pine are usually those considered the more 
Zeropnyecic, Or more*mesophytic, respectively, in“the “upland 
forests of New Jersey, supporting the contention that 
pute sttes are more xeric’ than the “nearby “oak “sites - 

Areas supporting Table Mountain pine stands also 
differ in substratum conditions. Stands which appear to be 
most stable on non=-shale areas occur with much rock outcrop 
and low topsoil magnesium. Permanent stands on shale are 
found on southern aspects, with shallow litter and on 
soils with low water-holding capacity. Permanent non-shale 
stands have less basal area of all species and also of Pinus 
pungens than do temporary stands, probably indicating they 
have less capacity to support vegetation. 

Permanent stands on non-shale rocks were associated 
with Tephrosia virginiana, but Pinus rigida, P. strobus, 
Nyssa sylvatica, Castanea dentata, and Vaccinium angustifolium 
were dissociated or less important on them than on temporary 
ones. On shale, Quercus prinus was less important in 


permanent stands, and Amelanchier spp. were dissociated with 
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permanent stands. 


Environmental Factors Limiting the Distribution 
of Pinus pungens 

Low temperatures. That Table Mountain pine usually 
grows On warmer slopes suggests that low spring and winter 
temperaturesnmay, limit Lt.soThis is especially» true,.in.some 
Shate-bank) areas; where the species occurs only.at.the 
exesemesupper Wevyels-onethe east; slopes, but.much» lower on 
the, west»silope.. Although Quercus prinus, Pinus virginiana 
endneeheraspeciestare, present; scattered, over.the cast 
Slope, Pthestotals cover is,»much-Less than.on; the west, and 
Spaceeiscaavailablesfor P:-pungens,, weresit able to, grow 
there. 

Effects of low temperatures on seed germination and 
seedlings differed with species. Germination of seed of 
Pinus pungens reacts similarly to that of P. virginiana 
at the lower temperatures used. However, P. rigida seed 
germinated significantly over a wider range of temperatures 
than the other species. Time for young Table Mountain pine 
seedlings to develop increases and their root length 
decreases more, as soil temperature decreases, than that of 


Virginia pine seedlings. For seedlings three to six months 
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old, low temperatures caused reduced root weight and 
decreased root:shoot ratios, but no significant differences 
between species reaction to temperature were found. Pinus 
pungens did appear to lose green coloration more than P. 


rigida, under the cold temperature regime. 





The effects of low temperatures and light intensities 
on seedling photosynthesis were not investigated. Comparisons 
of Table Mountain pine to competing pine and hardwood species, 
in regard to photosynthetic rates, should help support or 
disprove.this hypothesis of limitation by these.factors., A 
reduction by low temperature and light intensity of Table 
Mountain pine photosynthesis during the cool seasons might 
lamnit-the species severely .on.north and, eastaslopes,, cempared 
to the warmer, sunnier slopes. Conditions would probably 


be quite suitable for seedling photosynthesis on areas with 





considerable direct insolation, on some winter days. Even 
if there is some breakdown of chloroplasts as found with 

some species, winter photosynthesis might be considerable | 
(Erites;, 1966). That P. virginiana seemed to rely te a 


greater extent on primary needles, probably more efficient 





at low light intensities (Bormann, 1958), may give it some 
advantage on the less insolated slopes. 
Lower temperatures and lower light intensities on 


north slopes may also cause hardship to older Table Mountain 


bus aiprew toox bsouber beevso seiud 


geoneiskiibh sisobtingie on tud ,a0ltex soodestoor be 


aunsg 


.% «eis stom nottsiefoo sestp eeol oF xBSqgEe” 


asttionsdat tripihi Ins esiutsuegmes wol 20) eJeetIe | 


anmozLlLtsqmodD 


J 


A .atosoei Sees yd noivstimt! 20 ebestivogyml Sigg c 
sidet 40 yoianecai dipil bre sxudtsetegmd? wol yd nord 


‘fotm enoeses [cop sit pniteb abesdtaysosonq-enigna 


DS 1 SCG 


yidsdorg bivow 


‘cisbienos od tipkm eLeed¢ayrotodq tesAiw ,eeioeqe 
+ ylet oF bemece sneintpury .9 seco (over | asseeee 
Ai 


imeioklis sxom vidsdotg ,eslasen yesemiag ao Snesxe Si 


nO aesitzenesini tipiztl xewol base seudseteqme? Tewor ~ 


cissnu0mM sidst tweble ot gidebserdt sessooels yen eegote . 


_bnvoet sxsw stuptsxegmet oF nolsosex 


.bedspisesynt ton exew sleaedsayeosong € 


ciosqe boowbusd tne sniq paisegmoo. of enig ales 


10 teoqaue gio blwota ,eetaez citedonyeosoriq ¢ 


.eeqole tess bas dgxoa mo yletevee setoege 


& yosiniw smoe 


fol 2s atesiqozroldo Yo nwoblsexd smoe- eat 


tp vem , (S@@L ,snéarrod) ears lenedgnt sipril wok | 


oy 


.omipst sivtexeqmes Blom enfy 


enottbhsod .aeegole seinnye , tomiew 


,motsteioeni tostib eldsisbs 


.peqols beteloenit essl ed? no eps: 


: r 


























— = 
ate 


= 


t) 


10 eLaedtnyeododg pntibese 10% sidsesiue ae at, 


& 


. 
~ 








2H, 

pines, by reducing cold-season photosynthesis. If these 
plants have low intrinsic rates of photosynthesis, this 
reduction might cause the plant to be less efficient in 
maintaining necessary photosynthetic surface or root growth. 

Pinus pungens, by "flowering" and initiating twig 
growth earlier, is more liable to frost damage than the 
other pine species. In the colder year during which phenology 
was observed, P. pungens reached 50% twig elongation an 
average of 8.4 days later than in the warmer year, compared 
tome Gays Later for the other pines. This suggests that 
feomay respond Tess to year-to-year temperature differences. 
Barly potten release of Table Mountain spine “appeared at 
all areas observed. Should establishment and growth occur 
insareas “with late frosts, reproduction\is likely tobe 
disrupted. Similar northern range limitation of the early- 
flowering P. radiata has been suggested (G. L. Stebbins, 


in discussion following Bannister, 1965). 


High temperatures. A possible effect of higher 
temperatures at lower elevations, as on the Piedmont, could 
be to prevent cone serotiny. This removes a major advantage 
the species has over the other pines after fire. Lower 
elevation stands in the northern part of the range have 
mostly non-serotinous cones, although these may have resulted 


from the extended drought in the region for several years 
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preceding ‘collections. 


Excess moisture. Pinus pungens is normally a plant 
of dry sites. Excessive moisture on slopes with less 
evaporation, especially in winter, might injure the root 
system. Indications of adverse effects of saturated soil 
were shown by some seedlings in the greenhouse. However, 
P. pungens does grow in some damp areas and around at 
least two high elevation bogs. Excess moisture alone may 
not be a problem for it, if other circumstances are 


favorable. 


Somlmehenistry .~“Much“of the” difference between 
Selnucezr1ent levels might be~due to differences” in 
absorption and cycling by the vegetation. However, some 
Poorer ences- Seem to-be* present in’ the subsoids® 

Liming to 1200-1500 lb/acre (1104-1380 kg/ha) of 

calcium and 170-240 lb/acre (156-221 kg/ha) of magnesium 
increased most measures of growth for the three pine species 
used. It had no obvious adverse effects on P. pungens by 
itself. Absence of P. pungens from limestone may be related 
laugely to the general correlation of limestone with valley 


topography “an*the range of the species. 


Biotic factors. Effects of squirrels and insects 





On seed crops, growth, and tree form are straight-forward. 
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Squirrels may limit the growth rate and competitive ability 
of P. pungens by destroying past growth and photosynthetic 
tsscue, isi well as» lamitingl the) reserve) seed. crop. 

Mycorrhizal relations may limit the species range. 
Should it be able to form mycorrhizae with fewer fungi, or 
with fungi with more narrow tolerances than other pines, its 
ranger might be: limited) by that«of the fungi. In Pinus 
Virginiana ansunfumigated soil, in,» Experiment C, the number 
of mycorrhizae increased more with liming than in P. pungens. 
ime aso idee the! relative, numbers,of different types jot 
myconuhuzaes present ‘changed ... Numbers. and types of mycorrhizae 
on Table Mountain pine changed only slightly with liming. 
It appeared less able to respond to the absence of mycorrhizae, 
also, although noe) statist icalindiktferences supportwthiis - 
Pinus pungens without mycorrhizae had a relatively smaller 
increase in root:shoot ratio over those with mycorrhizae, 
dic GHe “oEneENs pecives~ 

An effect not considered previously may limit 
distribution of Table Mountain pine and the other pines. 
Damping-off of seedlings occurred in a group of seedlings 
planted in greenhouse soil, destroying most of the seedlings 
despite fungicidal treatment. However, no seedlings grown 
in area I soil were lost. Although damping-off of conifer 
seedlings is caused by a variety of fungi, and thus may 


occur under many circumstances, it is usually most 
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ageseructive* under certain conditions. Weakly acid ‘or)neutral 
soils, high nitrogen levels, low light intensities, and 
excess moisture have been found to favor the disease in 
forest nurseries (Boyce, 1961: p. 84-87). These are 
conditions not associated with P. pungens which might 
Cause: ats, exclusion - by allowing damping off. Lf differences 
ig Sspeetesesusceptibmiitiesexisted, distribution” of* the 
pinesscoulldnbe affected .\- Apparently little if any work 
Oh (heceftftects of damping-off.on natural regeneration 
has been done. Illick & Aughanbaugh (1930) propose that 
PEeecKCIUGeSOP .Crigida’ £rom*areas o£ calcareous“soil ain 
Pennsylvania, however. Similar exclusion of P. pungens 
appears possible. 

Effects of other vascular plants are probably very 
important in determining the distribution of Pinus pungens. 
It occurs on areas least favorable for rapid plant growth, 
from which some species common on neighboring areas are 
usually excluded. These conditions may limit the possible 
rate of growth of Table Mountain pine less than that of 
other species, making its rate of development fast enough 
to compete successfully for minerals, or water, or canopy 
space. These conditions probably limit ultimate size of 
the pine less than that of the other species, allowing 


continued successful competition, not possible on more 
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fertile areas where hardwoods eventually outgrow the pine. 
Conditions on Table Mountain pine sites are not 
conducive to good growth of trees of many hardwood species. 
Severe drought was observed to kill trees of several species 
of southern Appalachian oaks (but not Quercus prinus) without 
injuring the pines present (Hursh & Haasis, 1931). The lack 
Of lteter cover in some stands would not favor oak or hickory 
establishment (Barrett, 1931; Fowells, 1965). Site index 
o£ Q. coccinea and Q. velutina measured near Asheville, 
North Carolina (Doolittle, 1957), increases with depth of 
the A horizon of the soil and decreases from lower to upper 
Ssiliepes. Lt is quite low on Porters and Ashe soil series, 
associated with Pinus pungens in several areas, and is lowest 
on west and southwest aspects and on mor humus types. 
These conditions associated with poor oak growth are those 
generally characterizing Table Mountain pine sites. 
Allelopathice effects from species competing with 
Table Mountain pine, should they exist, are probably reduced 
on sites where plant density and vigor are limited. 
Inhibitory effects of several species (including Gaultheria 
procumbens, present in a third of sampled stands) on seed 
germination of Pinus banksiana have been shown (Brown, 1967). 
Pinus rigida and P. virginiana are generally 


intolerant of shade, and observations in the field indicate 
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that P. pungens is probably as intolerant or more so. Almost 
no seedlings of P. pungens occur on sites without exposed 


mineral soil or with a dense canopy or shrub layer. 





Characteristics Adapting Pinus pungens to Its Habitat 


Differences in morphology and physiology which 
contribute to different distributions have been demonstrated 
in several pine species. Pinus edulis in northern Arizona 
Survives at warmer, drier, lower elevations than P. ponderosa 
because its larger seed produces seedlings with a relatively 
longer root, which are more drought resistant than the 
other species (Rand, 1965). On a southern California 
mountain range, low elevation P. attenuata and P. coulteri 
seedlings develop deeper root systems than P. lambertiana, 
which is restricted to high elevations (Wright, 1966). 


Pinus pungens has some adaptations paralleling those 





of the lower elevation western pines cited above (i.e. those 
of the drier habitats). Larger seeds of Table Mountain pine 
produce larger seedlings with longer roots than competing 
species, at least under experimental conditions. Experimental 
evidence suggests that young P. pungens seedlings may lose 
less water than P. rigida. Natural root depth was not 


closely examined, however. Rocky soils, often closely 
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underlain by bedrock, make excavation difficult. Roots 
probably extend down through cracks in the bedrock. 

The usual needle number sin BDinus -rigida is three; 
compared to two in P. pungens and P. virginiana. Dividing 
a given volume of needle into thirds would increase the 
Suriace—to—-volumerratiovofraniaseiele by avfiactor sof, (27% + 
3)7 (217 +2); or’ l.12, over that with two needles: Stomata 
are present on all surfaces of hard-pine needles (Harlow, 
1931). Assuming equal stomatal density and behavior, and 
equal cuticle on both types, gas exchange and water vapor 
toss woulldberhighensin the three=needle fascicles ,orThis 
would be favorable unless water loss were a major factor 
limiting survival and growth. Needle number suggests that 
Brus Eigudatwould bevless likely co survive inethe most 
exitremevaneas, Sinukerms rot transpiration «stréessinand water 
supply, than either of the two-needled pines. Observations 
moretornsless iit what “would besexpected ‘from ‘the above 
aGascussion, Msamee ipatch pine frends .to be peripheral on 
extreme sites where the other species occur throughout. 

Leaders and twigs of Pinus pungens elongate and 
the species produces pollen earlier than associated pine 
Species. Thus, it avoids the maximum amount of evaporative 
stress during the period of elongation, when it may be most 


sensitive to drying, as found for P. cembra (Tranquillini, 
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Fire has a profound effect on the maintenance and 
characteristics of-pine forests. Pinus insularis forests, in 
Luzon, Philippines, are almost entirely a result of human 
disturbance and the accompanying fires (Kowal, 1966), as 
arneothose in many other tropical, as well as temperate, regions. 

methe New gexseyrpineoregton,; £ire £Lrequenecyrand 
severity determine the composition and size of the vegetation. 
Repeated fires result in stands lacking Pinus echinata and 
Eheearborescenteoaks;awhich | producerseed only after about 20 
years. Harly=-seedingspatchppinesandsQuercus,;ilicrtebia 
Sprouts become dominant (Little, 1964). The pine forests of 
thesseoutheasternhpU.S); CoastaldPlhain( are; madintainedcinga 
Similar way by fire, and Pinus contorta is successional 
BEECri fincnidndg Ehesupper) Pixeponderosa,;the Deuglas=firgeand 
the subalpine spruce-fir zones of the Rocky Mountains 
(Oosting, 1956)... Wright (1966) found P. attenuata only 
ensascaspburnediin aboutetherlasti60 years anstherSan 
Bernardino Mountains of California. 


Serotiny appears to be an adaptation to repeated 





fires. Pinus rigida is serotinous in some areas where fire 
is very common (Fowells, 1965). In the Rocky Mountains, 


P. contorta has reflexed, serotinous cones, much different 
from those in the Sierra Nevada, where fire is not so 


important in its ecology (Critchfield, 1957)... Cones of 
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P. serotina, P. banksiana, and P. attenuata, associated with 
burned areas, are serotinous. The latter two species have 
reflexed, assymetrical cones with thick scales on the side 
away from the branch (Fowells, 1965; Sargent, 1897). Pinus 
pungens, being generally serotinous, has a reproductive 
advantage over the non-serotinous P. rigida and P. virginiana 
with which it occurs. Its serotinous cones and association 
with burned areas appear similar to the situation of Pinus 
attenuata in the western United States. 

Bask thivekness of species also differs. Pinus 
rigida dévelops thick bark early and is quite fire resistant, 
imveontraststo the (thin=-barked*P. virginiana”™ (IlLlick’s 
Aughanbaugh, 1930; Slocum & Miller, 1953). Pinus pungens 
bark is considerably thicker than that of the fire-susceptible 
Be wanginaanasy although *thinner than that ofpPttzigida, at 
least on trees up to 15 inches DBH. Nothing is known about 
thermal properties of the bark which would also affect 
Susceptibility to fire damage. 

Dormant buds along the bole and branches of P. rigida 
which allow recovery from defoliation are absent in P. 
pungens and P. virginiana (Stone & Stone, 1943). Pinus 
rigida has more basal buds which sprout after injury, 
allowing recovery of fire-and animal-damaged young trees, 


than the other species. Those buds in P. virginiana usually 
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elongate the second year (Stone & Stone, 1954) and its 
Sprout growth is uncommon and not usually persistent 
(Fowells, 1965; Fenton & Bond, 1964). 

The development of a basal crook in seedlings of pitch 
and shortleaf pines may protect the basal buds against fire 
(Little & Mergen, 1966). Pinus virginiana lacks this basal 
crook (Fenton & Bond, 1964). No report of such a crook in 
P. pungens was found, but the natural seedlings of P. pungens 
which were uprooted usually had a crook just above or just 
betow*ground Level. 

Fire aids reproduction of Table Mountain pine in 
several*ways. lt destroys litter; exposing mineral soil, 
and eliminates competing vegetation, allowing pine seedlings 
moverlight and water, ‘and minimizing any -“allelopathic effects. 
FEesanereasesethe rate ofr mineral cycling? important on 
Sterile soplchoySincey Litter favors establishment Of oaks 
and hickories, repeated fires would minimize their 
Fepreduction< 

Pinus pungens is better adapted to colonizing burned 
areas than the two competing pines, and better adapted to 
Surviving fires than) *at* least, P.° virginiana.) It is 
better adapted to dry sites than P. rigida. Its phenology 
allows Table Mountain pine an advantage over both competing 
pines where spring temperatures are highest and spring 


£Vosts least likely. 
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Variation within Table Mountain Pine 


Variation occurs along both latitudinal and elevational 


gradients, and some evidence for differences between physio- 


graphic regions appears. The strongest trends are along 


the elevational gradient. 


Much of the variation measured within the species 


was from tree to tree. However, some regional differences 


were found. Needles are more slender (have a higher length: 


width ratio) in the south than in the north. Since elevation 
and latitude of sampling areas are negatively correlated, 

the effect of latitude may result from elevational differences. 
Cones from the north may have slightly fewer scales. Seed 


weight generally decreases with elevation. 


Pinus pungens. In two comparisons of germination response 
LOneenpesaturep,seBluesRidge-sounces had«germination-vaLue 
curves displaced toward the warmer end than the Valley-and- 
Ridge,sounces:,, In.a,comparison,o£ germination of -seed,from 
Pennsylyania; Virginia, -and»-Georgia sources,, the.southern 

one responded most to higher temperature. Transpiration rates 


for northern seedlings were higher at 6 and 18 months of 


age, 


Some physiological differences were found within 





especially at higher soil moisture contents. 
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Young seedlings from Smith Mountain, a southern 
Virginia monadnock, develop more slowly than those from the 
Blue Ridge at the same latitude. The same sources, used in 
a temperature and liming experiment, showed a number of 
differences. Seed from Smith Mountain is heavier, and 
seedlings are taller, have a heavier root system, and show 
Geererent Teactions to liming than the Blue Ridge source. 
[uming caused less height increase and more reduction in 
BOOESSHOOt ratio than in Blue Ridge plants. Characteristics 
allowing rapid establishment and maximal chance for survival 
Gi young Seedlings appear to be better developed at Smith 
Mountain. This area is about 1500 to 2000 feet (458-610 m) 
lower, and iS warmer, and has somewhat lower soil nutrient 
levels than the Blue Ridge area. This differentiation must 
have occurred since the separation of these two populations, 
about 45 miles (72 kilometers) apart, which may have been 
more or less continuous during glacial times. The two 
populations appear to be ecotypes, developed in response 
to the different conditions in their separated habitats. 
Differences also exist between seedlings of P. virginiana 
and P. rigida from the two areas, although not so pronounced 
as those of P. pungens. 

Height of seedlings from several sources varies 


inversely with latitude. Buds were less well-formed by a 
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Georgia source than others, and differences in the time 
seedlings took to resume growth in the greenhouse differed, 


although in no easily explainable pattern. 


Conclusions 


Pinus pungens appears to be confined to the warmest 
Sites in the Appalachian Mountains by the effects of low 
temperature, including late spring frosts: Les Srestrirceio0n 
EO, ene Gdrivest, most sterile habitats on these warmer slopes 
appears tO be a result o£ minimal interference on these 
areas by other vegetation, and to its adaptation to the 
warm, Gry Conditions prevailing there. 

Fire, most. Likely on. dry, exposed sites, contributes 
to maintenance of Table Mountain pine stands by destroying 
the litter layer and hastening mineral cycling, opening 
the canopy, releasing pine seed, and killing much of the 
competing vegetation, at least back to ground level. Among 
competing pines, P. rigida appears to be less drought 
resistant than P. pungens while P. virginiana is more 
susceptible to damage by fire. 

Without fire and man-made disturbances, Pinus 
pungens probably would exist only on extremely dry and 


sterile rock outcrops and steep shale slopes, where maximum 
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canopy would be quite open and litter cover would never 


remain complete. 

thet fare and the 
Ene Textinction of 
factors appear to 


abundance, rather 


F. A. Michaux's early statement (1819) 
Gffects Of settlement would soon cause 
P. pungens was overly pessimistic. These 
altew it a wider distribution and greater 


than destroying the Species. 
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X. SUMMARY 


1. The Appalachian endemic, Pinus pungens (Table 





Mountain pine), occurs in small stands in the mountains from 
central Pennsylvania to northeastern Georgia, usually at 
elevations .cf -LO00 to 4000 feet (305 to 1220 m). Stands 
on the Piedmont from New Jersey to Georgia are usually 
associated with monadnocks or are near major rivers 

2. Twenty-nine Table Mountain pine stands were 


sampled in 1965, and the results used as a basis for later 





work. Stands of the species, and neighboring stands without 
Be yaweme ssampled.in L966 <in.19,areas throughout -the» range. 
Samples of meediles, cones, soil, and rock; increment cores; 
and data on the vegetation, topography, and microclimate 
wexne taken. 

3. Table Mountain pine stands usually occur on 
southern to western aspects on areas with thin, rocky soil. 
In the Valley-and-Ridge province, these stands are often on 
Sshaly slopes and ridges. Soils under Table Mountain pine 
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stands have lower nutrient levels and lower pH than under 
adjoining stands, both in topsoils and subsoils. Higher 
spring and summer temperatures and higher vapor pressure 
deficits were measured in Table Mountain pine stands than 
in the adjacent forests; the difference increased on the 
heEeter and drier days. 

4. Those Table Mountain pine stands appearing to be 
permanent were associated with shallower litter, more rock 
outcrop, and had less basal area, than more obviously 
successional ones. 

5. Table Mountain pine occurs most often with wide- 
Yanging species Such as Quercus prinus;, Q. coccinea’, Pinus 
raguda, PP. virginiana, Kalmia latifolia, Vaccinium vacililans 
(including V. pallidum), V. stamineum, V. angustifolium, 
Gaylussacia baccata, Smilax spp., and Pteridium aguilinum. 
Mahy -OrU these® species are’ favored by fire’ or’ are* considered 
drought-tolerant. 

6. Squirrels (probably Tamiasciurus hudsonicus) eat 
seed stored in the” serotinous cones, and; by”ecutting 
branches to get the cones, destroy photosynthetic sunface 
and past growth. 

7. Fire aids the reproduction of Pinus pungens by 
destroying competing vegetation and litter cover, while 


releasing seed from the pine's serotinous cones. Table 














Svs 


od of pniussqgs sbasde oniq aLsesavon oldsT seont 7 


Noox siom .xsSs3i!l sswollede Agiw besseiooees 


-obiw dtiw netlo teom etuoco eniqg olissayom elder a" 


»teblenoo ets to Stil yd bestovse2? ess aestoegs seeds 


$56 (a olsgekud avtulLoesimetT yldsdo1rg) elezriope x) 


























+obrv secdt Hq vewol bas elevel tnetssen tewolk wed 


isipih .altosdse bas elLoagod mi djod .ebnmez 


= 


siueeorg toqsy iSsdpid bas se wesexeqees tome has 


asds sbasse sata stsinweoM Sids? at Bbexvesom 


aig no bseseronmk oonmsxe2 Bib edd yesaeet0? sas08s 


Ce 


.eysb xeizb bass 


6 


i] 


on 
vienoivde siom sadé ,ssss fsecd egelk ‘bed Brs' 


: 


.esno I an 


unilG ,é9ntopoo .O .aualig syotes es moves Beiseqge 


= 


silioevy muinioosy ,silotits! simiai ,snetniptiv «94 


aiiloiijauens .V ,mvenimese .Y . (qubiiieg’.v pa 


aunitliops mytbhtxe3¢ Ons ..qqe xelim® .siso9ed SiSee 


| onsx6 Lod-SiieH 

onijsup yd .bne , geno aevomisorse edz at“ beiose 
9063"GB6 Ditedtnysotong youteeb ,8endés~Sd2 3868p 02 
-dtwotp +asq 

sn@pivg auaitd io noLsoubouges off ebrSerkt”.T 
slisw ,2ovoo zetidil bns sabtesepsy paissqmos "pal yor 


sidstT .eonco aventsouses s*enkq odd moxt fees patessies 





27s 
Mountain pine appears to be more fire-resistant than most 
competing species. 

8. Cone length, width, and length:width ratio, and 
seed weight, of Table Mountain pine decrease with elevation. 
Length:width ratio of needles collected in natural stands is 
higherysouth lof age N than farther north. Experimental 
seedlings from northern sources have higher transpiration 
Fates, at “least at higher soil water contents. 

9. Adaptations of Pinus pungens to warm, dry sites 
include larger seeds, which result in heavier seedlings 
with longer root systems, more lateral roots, and more branches 
than those of P. rigida and P. virginiana grown under the 
same experimental conditions. Very young seedlings have a 
longer root and those 5 to 6 months old have lower 
teansprEfacion Fates; than seedlings of Pinus Tigida. 
seedlings of P.'pungens' develop mature needle fascicles 
cari envehan young plants of ‘Pl “virginiana:* Table Mountain 
pine sheds pollen about two weeks earlier than P. virginiana 
and “threerto four “weeks'*before P. rigida. Twig elongation, 
seedling height growth, and needle elongation in the field 
were also earlier than in the other pine species, at least 
during the colder year of measurement (1966). Early activity 
allows growth processes to occur during time of least drought 


stress. 
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10. Addition of calcium and magnesium to experimental 
soils had no clearcut adverse effects on Table Mountain pine 
seedings. 

Ii. Seeds of Pinus pungens germinated over a narrower 
Eemperature range than did those of P..rigida. Root length 
of very young seedlings was reduced more at high and low 
Eemperatures than that of P. virginiana. 

12. Table Mountain pine appears to be limited by 
teow temperatures or late £rosts on slope aspects other than 
Soucawest, at higher elevations, and to the north and north- 
west, because Of injury to new growth or to reproductive 
processes. Interrerence by other species probabily excludes 
Heeecomn Many areas it could occupy. Warmer temperatures at 
Wewenwelevyations may decrease the incidence of cone serotiny, 
thus removing a major advantage over competing species. 
Increased fire protection and a decrease in land abandonment 
have apparently reduced the establishment of new stands 
during recent years and will probably further reduce 
establishment in the Luture. 

13. Detailed field studies of root habits, of water 
potentials during droughts, and of survival and growth of 
planted, seeded, or natural seedlings on different aspects, 
along with further phenological studies and analysis of 


photosynthetic patterns and rates of the pine are needed 
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before the ecological situation of Pinus pungens can be 


ellearly understood . 
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